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(54) Tide: HUMANIZED CHIMERIC ANTI-ICAM-1 ANTIBODIES, METHODS OF PREPARATION AND USE 
(57) Abstract 

The present invention discloses humanized diimeric antibodies which are capable of binding to the intercellular adhesion 
molecule ICAM-1. Spedfically, disclosed are humanized anti-ICAM-1 antibodies of the IgGl, IgG2, and IgG4 subtype. These 
antibodies are useful in treating spedfic and non-spedfic inflammation, rhinoviral infection, HIV infection, the dissemination of 
HIV infected cells, and asthma. In addition, the humanized antibodies disclosed can be useful in methods of diagnosing and lo- 
calizing sites of inflammation and infection and tumors expressing ICAM-1. 
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HUMANIZED CTIM ERTC ANTT-ICAM-l ANTIBODIES, METHODS 
OF PREPARATION AND USE 

Field of the Invention: 

The preset invmtion relates to a diimeric antibody molecule, and 
5 especially a humanized diimmc antibody molecule, having specificity for an 
antigmic determinant of Intercellular Adhesion Molecule 1 (ICAM-l), to a 
process for its producd(m using recombinant DNA technology and to its 
therapratic use. 

In the presrat application, the term "chimeric antibody molecule** is 
10 used to describe an antibody molecule having heavy and/or light chains 
comprising at least the variable regions of heavy and/or light chains derived 
for one immunoglobulin molecule linked to at least part of a second protein. 
The second protdn may comprise additional antibody constant regions 
domains derived from a different inmiunoglobulin molecule or a non- 
15 inmiunoglobulin protein. The term "humanized chimeric antibody molecule" 
is used to describe a molecule having heavy and light chain variable region 
domains derived from an inununoglobulin from a non-human species, die 
rmiaining inununc^obulin constant region domains of the molecule being 
derived from a human immunoglobulin. The abbreviation **MAb'' is used to 
20 indicate a nK>noclonal antibody. 

The present invention also relates to the use of chim^c antibodies 
capable of binding to ICAM-1 to inhibit intercellular adhesion of cells of 
granulocyte or macrophage lineage. The use of such molecules provides a 
method for the treatment of q)ecific and non-specific inflanmiation. 



10/11/2006, EAST Version: 2.1.0.14 



wo 91/16928 



- 2 - 



PCr/US91/02946 



The preset invratioii also idates to diimeric antibody capable of 
binding ICAM-1 in the treatment of viral, and pardculaiiy rfainoviral disease. 

The invmtion also relates to therapeudc and prophylactic methods for 
suppressing the infisction of leulcxx^ytes with HIV , and particularly with HIV- 1 , 
5 in an individual who is exposed to HIV or effected by HIV, and is thus in 
need of such suppression through the administration of a diimeric antibody 
capable of binding ICAM-1 . It fliOTfore provides a therapy for diseases, 
such as AIDS (Acquired Immunodefidency Syndrome) whidi are caused by 
the mv virus. 

The invention also relates to a therapaitic mediod for suppressing the 
migration of HIV-1 infected cells from the circulatory system using chimeric 
antibodies capable of binding ICAM-1 . It flierefore provides a therapy for 
diseases, such as AIDS (Acquired Immunodeficiency Syndrome) which are 
caused by the HIV-1 virus. 
15 The presmt invration relates to the use chimeric antibodies capable of 

binding ICAM-1 in Ae treatm^t of asthma. 

Background of the Invention 

A. Humanized antihndiefg 

Natural immunoglobulins have been known for many years, as have 
20 the various fragments th^f, such as the Fab, (Fab^ and Fc fragments, 
which can be dmved by enzymatic deavage. Natural immunoglobulins 
comprise a g«erally Y-shaped molecule having an antiga-binding ate 
towards the free rad of each \ipp& arm. The rwnainder of the structure, and 
particularly ttie stem of the Y, mediates the effector functions associated with 
25 immunoglobulins. 

Natural immunc^obulins have been used in assay, diagnosis and, to 
a more limited extent, Oi^spy. However, such uses, especially in ttien5)y, 

have beaihind«ed by tiie polyclonal nature of natural immunoglobulins. A 
significant stq> towards the realizaticm of the potential of immunoglobulins as 
30 therapeutic agaits was the discovery of techniques for tfie preparation of 
monoclonal antibodies of defined specificity (Kohler et al. . Nature 265:295- 
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497 (1975)). However, most MAbs are produced by fusions of mdtni splem 
cells with rodent myeloma cells. They are therefore essratially rodrat 
protdns. There are very few reports of the production of human MAbs. 

Since most available MAbs are of rodent origin, they are naturally 
5 antig^c in hunums and thus can give rise to an undesirable inunune response 
tamed the HAMA (Human Anti-Mouse Antibody) response. Therefore, the 
use of rodrat MAbs as ther^)ratic agents in humans is inh^rratly limited by 
die fact that the hunum subject will mount an immunological response to the 
MAb and will ddier remove it entirely or at least reduce its efifectivafiess. In 
10 practice MAbs of rodent origin may not be used in a patimt for more dian one 
or a few treatments as a HAMA response soon develops rendering the MAb 
ineffiective as well as giving rise to undesirable reactions. 

Proposals have therefore been made for making non-human MAbs less 
antigenic in humans. Such techniques can be gen^cally termed 
15 "humanization*' techniques. These techniques graerally involve the use of 
recombinant DNA technology to manipulate DNA sequences encoding the 
polypeptide diains of the antibody molecule. 

In particular one procedure which has bee proposed for the preparation 
of humanized antibodies is the so-called chimerization procedures. 
20 Such chimerizaticHi procedures involve production of chimeric 

antibodies in which an antigen binding site comprising the complete variable 
domains of one antibody is linked to constant domains derived from another 
antibody. Some eady m^ods for carrying out sudi a chimerization 
procedure are described in EP-A-0120694 (Celltech Limited), EP-A-0125Q23 
25 (Gmmtech Inc. and Qty of Hope), EP-A-01714906 (Res. Dev. Corp. Japan), 
EP-A-0173494 (Stanford UnivOTity),EP-A-0194276 (Celltech Limited). The 
latter C^tech sg>plicati(m also shows the production of an antibody molecule 
compriang the variable domains of a mouse MAb, the CHI and CL domains 
of a human inununoglobulin, and* a non-immunoglobulin derived protein in 
30 place of the Fc portion of the human inununoglobulin. 
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B. Leukocyte Attachment and Functions 



Leukocytes and granulocytes must be able to adhere to cdlular 
substrates in order for an inflammatory response to occur and to prppedy 
defoid die host against fordgn invades such as viruses, bacteiia, and 
allergras. This &ct has become evident from two converging lines of 
research. 

Tlie first line of research involves studies of leukocyte membrane 
protons (Wallis, WJ., et al., J. Immunol 155:2323-2330 (1985); Mentzer, 
S J., et al., /. Cell Physiol 725:285-290 (1986); Haskard, D,0., et al., /. 
Immunol ii7:2901-2906 (1986); Haiian, LM., et al.. Blood 65:167-178 
(1985)). Of particular importance to die process of cellular adhesion is a 
femily of iMkocyte membrane proteins known as the "CD18* family or 
complex. Hiis family consists of three hetwodimers (known as "Mac-l/ 
"LFA-1," and "P150,90''), all of whidi share a conmion subunit (known as 
the B subunit) and a unique subunit (known as the a subunit) (Springer, T.A., 
et al, Immunol Rev. 68:111-135 (1982); Springer, T., et al.. Fed. Proc. 
44:2660-2663 (1985); Kdzer, a, et al., Eur. J. Immunol 15:1142-1147 
(1985); Sanchez-Madrid, F., et al., J. Exper. Med. J5«:1785-1803 (1983)). 

Monoclonal antibodies against the CD18 family of l^kocyte mraibrane 
protdns, by acting as antagonists of fliese proteins, inhibit a multitude of 
leukocyte adhesion depmdrat evaits in vitro . This includes the ability of 
granuloq^ to aggregate in response to appropriate stimuli, the ability of 
granulocytes to attach to protein coated plastic, the ability of granulocytes to 
migrate in 2-dim«asional agarose assays, and the ability of granulocytes to 
attach to endothelial ceils. 

The second line of researdi results from studies involving individuals, 
who, due to an inherited flaw in the gene encoding for tiie common subunit 
of die CD18 family of leukocyte- adhesion molecules, are unable to express 
any of these adhesion molecules on the surfsaces of their cells. Such in- 
dividuals are said to suffer from "leukocyte adh^ce deficiracy disease" 
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CLAD-) (Anderson, D.C., et al.. Fed. Proc. 44:2671-2677 (1985); 
Anderson, D.C., etal.,J. Infea. Dis. 752:668-689 (1985)). Characteristic 
features of LAD patients include necrotic soft tissue lesions, impaired pus 
formation and wound healing, as well as abnormalities of adhesion-dependrat 
5 l^ikocyte functions in vitro , and susceptibility to chronic and recurring 
bacterial infections. Granulocytes from these LAD patirats bdiave in the 
same defective manng in vitro as do dieir normal counterparts in the presence 
of anti-CD18 monodonal antibody. That is, they are unable to perform 
adhesion related functions such as aggregation or attachment to radothelial 
10 cdls. More importantiy, however, is the observation that these patirats are 
unable to mount a normal inflammatory response because of the inability of 
Iheir granulocytes to attach to cellular substrates. Most remarkable is the 
obis^vation that granulocytes fiom these LAD patients are unable to g^ to 
sites of inflammation such as skin infections due to their inability to attach to 
15 the oidothelial cells in the blood vessels near the inflammation lesions. Such 
attachment is a necessary step for extravasation. 

Thus, in summary, the ability of lymphocytes and granulocytes to 
maintain the health and viability of an animal requires that they be capable of 
adhering to odiercdls (such as CTdothelial cells). Granulocyte-oidothelial cell 
20 adherence has be» found to require cell-cell contacts whidi involve specific 
recq>tor molecules preset on the granulocyte cell surfiace. These receptors 
enable the leukocyte to adh^ to other leukocytes or to ^dothelial, and other 
non-vascular cells. 

The cell surface receptor molecules of leukocytes have been found to 
25 be highly related to one anotiier. Humans whose leukocytes lack these cell 
sur&ce receptor molecules exhibit dironic and recurring infections, as well as 
oth^ clinical symptoms, bflammation reactions are mitigated when 
leukocytes are imable to adhere in a normal fastnoa due to die lack of 
functional adhesion molecules of the CD18 complex. Because leukocyte 
30 adhesion is involved in the process through which tissue inflammation arises. 
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an undostandmg of the process of leukocyte adhesicm is of significant value 
in defining a treatment for spedfic and non-specific inflamm ation 

Additunalty, ance lymphocyte adhesim is invcdved in ttie piocess 
through whidi forogn body or tissue is identified and n^ected, an 
5 understanding of this process is of significant value in the fields of organ 
transplantation, tissue grafting, all»gy and (mcology. 

C. The Intercellular Adhesion Molecule TrAM-l and Cellular 

The intercdlular adhesion molecule ICAM-1 im first identified and 

0 partially duuactmzed according to the procedure of Rolhlean, R. er a/. (/. 
bnmunol. 137:Vm-V2nA (1986)), which refwence is herdn incoipoiated by 
refer»ice. ICAM-1, its preparatiim, purification, and diaiacteristics are 
disclosed in WO 90/03400 which ^Ucation is heran incorporated by 
teSesxxxx in its oitirety. 

5 ICAM-1 was initially realized as bdng involved in the process of 

cellular adhesion betweraendotiielial cells and leulax^tes. Cdlular adhesion 
is tile process tiinnigh which leukoc^ attach to cdlular substiates, such as 
mdotiielial cdls, in onte to migrate fix>m drculation to ates of ongoing 
infl a mm ati o n, and propoly defend flie host against foreign invaders sudi as 

0 bactoia or viruses. An ©redlait review of tiiedefaise system is provided by 
Eisea, H.W., {In: Microbiology, 3rd Ed., Harper & Row, Philadelphia, PA 
(1980), pp. 290-295 and 381-418). 

Out of tiie molecules, on tiie surfece of aidoflielial cdls whidi 
participates in tiie adhesim process is ICAM-1. This molecule has been 

5 ^own to mediate adhesion by binding to molecules of flie CD-18, CD-11/18 
femily of glycoprotdns wiiidj are present wi die cell surfiK«s of leukocytes 
(Sanchez-Madrid, F. et dl.. J. Exper. Med. iJS: 1785-1803 (1983); Keizer, 
G.D. etd., Eur. J. bnmunol 15:1142-1147 (1985)). 
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Intercdlular Adhesion Molecule (ICAM-1) is an inducible cell surface 
glycoprotein e?q>ressed on various ceU types including vascular oidothelial 
cdls, and is expressed piefermtially at &tes of inflammation. Since ICAM-1 
is the natural binding ligand of LFA-1, ICAM-l-LFA-1 interactions play a 
5 cratral role in cellular adhesion, recruitm^t of lymphocytes to sites of 
inflanunaticm and die triggering of lymphocyte functions which contribute to 
bob spedfic and non-specific inflammation. 

D. The Cdlular Receptor for Human Rhinovinis 

Abraham et al. (J. Virol 5i:340-345 (1984)) discovered that the 
10 majority of randomly selected human rfainovirus ("HRV") serotypes were able 
to bind to tte same cdiular recq>tor. A monoclonal antibody was 
subsequttitly developed by Colcmno ei al. (Colonno et al., /. C3e77. Biochem. 
Suppl 10 ^HmD)i7j66 (1986); Colonno ei al, J. Virol 57:7-12 (1986); 
Colonno e$ a/., European Patent Application Publication No. 169,146) which 
15 was cq>able of blocking attachment of HRV of die major seroQ^ to the 
sur&ces of mdothelial cdls. The endothelial cell receptor protein recognized 
by this antibody was isolated and found to be a 90 kd protein (Tomassini et 
al., J. Virol 5&290-295 (1986) and later shown to be the ICAM-1 molecule 
(Staunton e$ aL, CeU 55:849-854 (1989)). 
20 Treatmrat of rhinoviral infection, especially infection by the major 

type human rhinovirus has bem proposed using a murine monoclonal antibody 
directed against the viral receptor, ICAM-1 (EP 391088). 

E. Infection with HIV 

HIV infection is the cause of AIDS. Two major variants of HIV have 
25 beai described: HIV-1 and HIV-2, HIV-1 is prevalent in North America and 
Europe, in contrast to HIV-2 which is prevalmt only in Aftica. The viruses 
have similar structures and encode protdns having similar function. The 
nucleotide and protein sequences of the genes and grae products of the two 
variants have be« found to have about 40% homology with one another. 
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HIV infection is believed to occur via the binding of a viral protein 
(tamed "gpllO") to a receptor molecule (termed "CIM") presmt on the 
surfece of T4 (T he3p^) lymphoqrtes (Sdmittman, S. M. ef a/., J. 
ImnamoL i4J:4181-4186 (1988), v*ich refi^ce is incorporated herein by 
5 refOTnce). Hie virus thai ent^ the cell and proceeds to replicate, in a 
process which ultimately results in the death of the T cdL The destruction 
of an individual's T4 population is a direct result of mv infection. HIV can 
be recovaed firom peripheral blood mononuclear cells and human plasma (J. 
can, Microbiol 25:2371-2376 (1988); N. Engl J. Med. 52i: 1621-1625 
10 (1989)). Results suggest more viremia than had been previously estimated and 
a T-cdl infection frequency as high as 1%. 

The destruction of the T cells results in an impairmrat in the ability of 
flie infected patiait to combat opportunistic infections. Although individuals 
afflicted with AIDS often devdop cancers, the rdationsMp between these 
15 cancers and HIV infection is, in most cases, uncertain. 

Although the mere replication of the HIV virus is lethal to infected 
cells, such replication is typically detected in only a small firaction of the T4 
cells of an infected individuaL Several lines of research have elucidated other 
mechanians dirough which the HIV virus mediates the destruction of tfie T4 
20 population. 

Apart fitom ttirough HIV replication, HIV infected ceUs can be 
destroyed thrcmgh the action of cytotoxic, killer cells. Killer cdls are 
normally preset in humans, and serve to monitor the host and destroy any 
fbrdgn cdls (such as in mismatched blood transfusions or organ transplants, 
25 etc.) which may be tticountered. Upon infection with HIV, T4 cells display 
the gpl20 molecule on their cell surfaces. Killer cells recognize such T4 cells 
as fordgn (radier tiian native cdls), and accordingly, mediate their 
destruction. 

HIV infection can also lead to the destruction of non-infected healthy 
30 cdls. Mected cells can scCTete the gpl20 protein into the blood system. The 
free gpl20 molecules can thra bind to the CD4 receptors of healthy, 
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uninfected odls. Sudi binding causes the cells to take on the s^pearance of 
HIV infected cells* Cytotoxic, killer cells recognize flie gpl20 bound to the 
uninfected T4 ceUs, conclude that the cell is foreign, and mediate the 
destruction of the T4 cells. 
5 An additional mechanism, and one of special interest to the present 

invoition, with which HIV can cause T4 death is through the formation of 
"syncytia." A "syncytium" is a multinucleated giant cdl, formed from the 
fusion of as many as sevoal hundred T4 cells. Infection with HIV causes the 
infected cell to become able to fiise with other T4 cells. Such fusion partners 

10 may themsdves be HIV infected, or they may be uninfected healthy cells. 
Hie syncytium cannot function and soon dies. Its death accomplishes the 
destruction of bodi HIV infected and HIV uninfected T4 cells. This process 
is of spedal interest to the preset invration since it ratails the direct cell-cell 
contact of T4 cells. Hie ability of HIV-infected cells to form syncytia 

IS indicates that such cdls acquire a means for fusing with healthy cells. Thus, 
cell-cell contacts may be of fundamental importance in the process through 
whidi HIV infection is transmitted from one cell to another within an 
individual. 

HIV infection, and especially HIV-1 infection, appears to influence cdl 
20 surfiEu^e expressicm of the leutocyte integrins and cellular adher«ice reactions 
mediated by these h^rodimers (Petit, AJ., et al., /. Qin. Invest. 7P:188 
(1987); HUdreth, J.E.K., et al.. Science 24^:1075 (1989); Valentin, A., et 
al., J. Immmology 74^:934-937 (1990); Rossen, R.D., et al.. Trans. Assoc. 
American Ff^sidans 102:117-130 (1989), all of which referraces are 
25 incorporated herein by reference). Following infection with HIV-1, 
homotypic aggregation of U937 cells is increased, as is cell surface expressicm 
of CD18, CDllb (Petit, AJ., et al., J. Clin. Invest. 7P:188 (1987)). HIV-1 
infected 11937 cells adhere to IL-1 stimulated mdothelium in greater frequracy 
than uninfected U937 cells; this bdiavior can be suppressed by treating the 
30 infected cells with anti-CD18 or anti-CDlla monoclonal antibodies or by 
treating radothelial substrates with anti-ICAM-1 (Rossen, R.D., etal.. Trans. 
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Assoc. American Physidans 702:117-130 (1989)). Monoclwud antibodies to 
CD18 or C!I>lla have also beoi found to be able to inhibit formation of 
syncytia involving phytdiemagglutinin (PHA)-stimulated lyrophoblastoid cells 
and constitutivdy infected, CD4-n^ative T cells (Sldi^, J^.K., et dL, 
5 Science 244:Vn5 (1989)). Treatment of only the virus infected ceUs with 
anti-CD18, or anti-CDUa monochmal antibodies was found to have little 
effect on syncytium formatiai, suggesting that these antibodies loindpally 
protect uninfected target cells from infection (Hildreth, J.E.K. ,etal.. Science 
244:\Qn5 (1989); Valentin, A., et al., J. Immunology 74^:934-937 (1990)). 

10 Valmtin et al. (Valaitin, A.,etaL,J. Immmology 144:934-937 (1990)) have 
recently confirmed these (^s»valions by draionstrating that monodonal 
antibodies ^edSc for GDIS inhibit syncytia formed whai continuous T cdl 
lines are co-cultured with HIV-1 infected U937 cdls. 

Aldiough die medianism Orough which monodonal antibodies specific 

15 for CD18 OT CDlla protect susceptible cdls firom fusing witii HIV infected 
cdls remains unknown, and is not necessary to an appredation of the piesoit 
invoititm, studies with radiolabded gpl20 suggest tiiat hetwodimers 
containing CD18 do not provide a binding ate for the virus (Valentin, A., et 
al., J. bnmunohgy J-«:934-937 (1990)). Thus, HIV infection involves cell- 

20 cdl inteiacticms, and/or viral-cell intwactions \rfiich mimic such cdl-cdl 
interactions. The cdl-cell intmctions may result in die transport of cdl-free 
virus or tiie transport of virus across radothelial barrias within the cytoplasm 
of infected mononudiear cells. Viral-cdl interactions whidi mimic the cell- 
cdl interactions may fedlitate or enable free virus to attach to and/or infect 

25 healthy cdls. 

The present invention tiius derives, in part, from flie obs»vation that 
mv infection, and particularly HIV-1, infection results in increased 
expression of the CDlla/CD18 heterodimer, and its binding Hgand, ICAM-1. 
This inoeased e^nesaon is significant in fliat it enhances ±t ability of HIV- 
30 infected T cdls to adhne or aggr^ate widi one another ^.e. to undergo 
"homotypic aggregation"). Since such homotypic aggr^ation is not observed 
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to occur among quiescmt nonnal leutocytes, this discovery indicates that the 
expression of the CDll/CDlS lec^tors and/or ICAM-1 is required for sudi 
aggregation. Such adhesion permits HIV-1 to be transmitted from an infected 
cell to a healdiy cdl of an individual^ and also permits or fedlitates infection 
5 of healthy cdls with free virus. 

Since ICAM-1 plays a c»tral role in cell-cell interactions murine 
monoclonal antibodies that bind to ICAM-1 have bera proposed as a mediod 
of preventing HIV infection (WO 90/13281). 

F. Migration of HIV Infected CeUs 

10 The migration and dissemination of leukocytes is important in 

protecting an individual from the consequmces of infection. These processes, 
howev^, are also responsible for the migration and dissemination of viral- 
infected l^ikocytes. Of particular concern is the migration and dissemination 
of l^ikocytes infected with HIV. The migration of such cells results in the 

15 formation of extravascular fbd, and may cause tumors and other 
abnormalities. 

Histologic examination of affected organs reveals focal extravascular 
mononudear cell infiltrates. Attempts to identify virus-infected cells in such 
infiltrates in the cratral n^ous system have revealed the presence of HIV-1 

20 infected cells. These studies have shown tfiat HIV-1 resides primarily in 
mcmocytes and maopphages, and other cells of this lineage (R.T. Johnson, et 
qL FASEB J. 2:2970 (1988); M.H, Stoler et al., J. Amer. Med. Assn. 
255:2360 (1986); S. Gartner et al. J. Amer. Med. Assru 255:2365 (1986); S. 
Gartner et al. Science 233:215 (1986)). 

25 Hie mechanisms which stimulate formation of extravascular infiltrates 

of HIV-l-infected monocytoid cells have not previously been well defined. 
The mechanisms may involve dther the transport of cell-free virus or the 
transport of virus across »dothelial barriers within the cytoplasm of infected 
mcmonuclear cells. 
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Since infiscdon with HIV-1 stimulates cell sur£ace expression of 
molecules whidi facilitate adhemice of leukocytes to vascular endothelial cdls 
and the translocation of IraloxTtes firom the blood to Ktravascular tissue sites 
(C.W. Smith er a/., /. Ow. Invest. 82:1746 (1988), herdn incorporated by 
5 refemice) it has be^ proposed to use antibodies which inhibit cellular 
migration to prevoit the dissemination of HIV infected cells (WO 90/13316). 

G. Asthma: Clin ical Characteristics 

Asdima is a heterogmeous family of diseases. It is characterized by 
a hyper-responsivoiess of the tracheobronchi to stimuli (McFadden, E.IL et 

0 fl/., In: Harrison's Princq>Jes ofbuemalMediciney lOfliEd., Petersdorf, R.G, 
cf <iZ., Eds-, McGraw-Hill, NY (1983), pages 1512-1519); Kay, h.^.,Anergy 
and Irfiammation, Academic Press, NY (1987); which references are 
incorporated heiein by refismce). Clinically, asthma is manifested by the 
extensive narrowing of the tracheobronchi, by thick tenacious secretions, by 

5 paroxysms of dyspnea, cough, and wheezing. Although tfie relative 
contribution of each of these conditions is unknown, the net result is an 
increase in airway resistance, hyperinflation of the lungs and thorax, abnormal 
distribution of ventilation and pulmonary blood flow. The disease is 
manifested in episodic periods of acute symptoms interspersed b^em 

0 symptom-fireepraods. The acute episodes result in hypoxia, and can be fetal, 
^roximatdy 3% of the gmeral world p(q)uIation suff^s from the disease. 

Two types of asthma have been described: allergic asthma and 
idiosyn^atic asthma. Allergic asthma is usually assodated with a heritable 
allergic disease, sudi as rhinitis, urticaria, eczema, etc. Hie conditicm is 

5 charactttized by positive wheal-and-flare reactions to intradermal injections 
of airborne antigens (such as poUra, «vironmental or occupational pollutants, 
etc.), and increased sttimi levels of IgE. The development of allergic asthma 
^jpears to be causally related to-tiie presence of IgE antibodies in many 
patiMts. Asthma pati«ts who do not exhibit tiie above-described 

0 characteristics are considered to have idiosyncratic asthma. 
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Allergic asthma is believed to be dependent upon an IgE response 
controlled by T and B lymphocytes and activated by the interaction of airborne 
antigra witti mast ceI14x>und pre-formed IgE molecules. The antigoic 
oicount^ must occur at ccmcentrations sufficient to lead to IgE production for 
5 a prolonged period of time in ord^ to sensitize an individual. Once 
smsitized, an asdima patient may exhibit symptoms in response to extrmdy 
low levels of antigm. 

Asthma symptoms may be exacai>ated by the presence and level of the 
triggering antigen, environmental factors, occupational factors, physical 
10 exertion, and emotional stress. 

Asbma may be treated with methylxanthines (such as theophylline), 
beta-adrai»:gic agonists (such as catecholamines, resordnols, saligenins, and 
^hedrine), glucocorticoids (such as hydrocortisone), inhibitors of mast cell 
d^ranulation 0.e. chromones such as cromolyn sodium) and anticholinergics 
IS (sudi as atropine). 

Asthma is believed to involve an influx of eosinophils C^eosinophilia") 
into the tissues of the hmg (Frigas, E, er c/., /. Allergy Clin, Immunol 
77:527-537 (1986), which refisrence is incorporated herein by reference). 
Insight into the immunological basis of asthma has been gained from 
20 bronchoaiveolar lavage studies (Godard, P. er c/., J. Allergy Clin, Immunol 
70:88 (1982)), and studi^ of respiratory smooth muscle drauded of 
q>ididium (Havahan, N.A. etal,J, Appl Physiol 58:834 (1985); Barnes, 
P. Letal., Br. J. Pharmacol 85:685 (1985)). Although these studies have 
not led to tiie eluddaticm of tiie medianism underlying the immunology of 
25 asthma, they have led to the development of a generally accq)ted hypothesis 
amceming Ae immunological etiology of the disease (see, Frigas, E, et al., 
J. Allergy Clin, bmtunol 77:527-537 (1986)). 

The hallmarks of thepatfiolpgy of asthma are a massive inffltration of 
the lung parm:hyma by eosinophils and the destruction of mucociliary 
30 c^)acity. The "eosinophil hypodiesis" suggests that eosinophils are attracted 
to the bronchus in order to neutralize harmful mediators released by the mast 
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cells of the lung. According to tbe hypothesis eosinophils are attracted to the 
biondii where they d^ranulate to release cytotoxic molecules. Upon 
degianulation, eosmq>hiis release oizymes such as histaminase, arylsul£atase 
and phospholq>ase D vrbick CTzymatically neutralize the harmful mediators of 
5 the mast cell, Th^ molecules also promote the destruction of the 
mucodliary ^iparatus, and thus prevent the clearing of the bronchial 
secretions, and contribute to ttie lung damage diaractetistic of asthma. 

Since asthma involves the migration of cells, it has heea proposed to 
use antibodies which inhibit this migration to mitigate the effects of allergras 
10 in a subject (WO 90/10453). 

H. Conclusion 

K has been previously proposed; to treat leucocyte-mediated 
inflammation by administrang imer aUa an anti-ICAM-1 antibody to patients 
suffeing ftom such inflammation (see EP-0289949 and EP-0314863), to treat 

15 viral infection by administering inter aUa an anti-ICAM-1 antibody to patients 
suffering from sudi infection 391088), to prevent ttie infection of a 
subject wifli HIV by administering inter alia an anti-ICAM-1 antibody (WO 
90/13281), to prevent tfie dissemination of HIV infected cells by administering 
inter aUa an anfi-ICAM-1 antibody (WO 90/13316), and to administer inter 

20 alia anti-ICAM-1 antibody to mitigate the effects of allergras (WO 
90/10453). 

EP 289949 describes the preparation of a murine monoclonal (R6-5- 
D6) having spedfidty for ICAM-1 which is die prefrared antibody for die 
above referraced therapies. Samples of R6-5-D6 have been deposited witti ttie 
25 American Type Culture CoUection as dqwsit ATCC HB9580 on 30th October 
1987. R6-5-D6 has beai deposited with ttie ATCC under tiie provisions of 
Rule 28(4) of tiieEPC. 

Currenfly available anti-ICAM-1 MAbs, which are tiie basis of die 
above described m^ods of treatmmt, are nmrine MAbs and as a result are 
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liMy to cause a significant HAMA response if administered in repeat doses 
to human patirats. It would be highly desirable to dimini^ or aboli^ this 
undesirable HAMA re^xmse by suitable humanization or other appropriate 
recombinant DNA manipulation of these potratially highly useful antibodies 
5 and thus extmd and »large thdr use. It would also be desirable to apply the 
techniques of recombinant DNA technology to these antibodies to prq)aie 
anti-ICAM-1 humanized chim^c antibodies in graoral. 

We have now prcpaied anti-ICAM-1 chimodc humanized antibody 
molecules d^ed from murine MAbs. 

10 SUMMARY OF THE INVENTION 

The present inv»tion provides a method of constructing a chimeric 
antibody molecule. Specifically the present invention provides a diimeric 
antibody molecule comprising heavy and/or light chain variable regions of an 
anti-ICAM-1 antibody. 
IS Hie invmtion further p^tains to the chimeric antibody of the preset 

invention which are d^ectably labeled. 

The present invmticm further provides a process for producing an anti- 
ICAM-1 humanized chim^c antibody molecule. 

Hie present invention fiutii^ provides DNA coding for a heavy or 
20 light chain variable region of a diimeric anti-ICAM-1 antibody. 

The inventicm additionally includes a recombinant DNA molecule 
cs^le of expressing die chimeric antibodies of the present invention. 

The invmtion further includes a host cdl capable of producing the 
diimeric antibodies of the present invration when transformed by the 
2S recombinant DNA molecules disclosed herein. 

The invration additionally indudes diagnostic and th^apeutic uses for 
die diim^c antibodies of the present invmtion. 

The invmtion furtiier provides a metiiod for treating inflammation 
resulting finom a response of the specific defense system in a mammalian 
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10 



subject whidi comprises providing to a subject in need of such treatment an 
amount of an anti-inflammatory agent suffidmt to siq>press the inflammation, 
^diemn the anti-inflammatory zg&A is a humanized chimeric antibody c£q)able 
of binding to ICAM-L 

The invaition furth^ provides a method for treating npn-spedfic 
inflammation in humans, and other mammals. 

In detail, the invention includes a method for treating inflammation 
resulting firom a response of Ae spedfic and non-specific defense system in 
a m a mm alia n subject which comprises providing to a subject in need of such 
treatmrat an anti-inflammatory ag«it, c^ble of binding to an ICAM-1, in an 
amount sufflci»t to ^qypress the inflammation; wherdn the anti-inflammatory 
agait is a humanized chimeric antibody c£Q>able of binding to ICAM-1. 

Tlie inv»tion further includes the above-described method for treating 
inflammatim wh^dn tiie inflammation is associated with a condition selected 
15 from the group consisting of: adult respiratory distress syndrome; multiple 
organ injury syndrome secondary to septicemia; multiple organ injury 
syndrome secondary to trauma; reperfiision injury of myocardial or other 
tissues; acute glom^onephritis; reactive arthritis; dermatosis with acute 
inflammatory componmts; acute purulmt meningitis or other central nervous 
20 system i nfl a mm atory disorders sudi as stroke; thennal injury; hemodialysis; 
leuk^jhCTBsis; ulcaative colitis; Crohn's disease; necrotizing enterocolitis; 
granulocyte transfiisicm associated syndrome; and cytokine-induced toxicity. 
The invention furth^ provides a method of suppressing the metastasis 
of a httnatppoirtic tumor cell, Ae cell requiring a functional member of the 
25 UPA-l &mily for migration, wh^dn said method comprises providing to a 
pati«it in need of such treatment an amount of an anti-inflammatory agait 
sufSdent to suppress the metastasis; wherein the anti-inflammatory agent is 
a humanized chimeric antibody c^ble of binding to ICAM-1. 

The invMti(m further provides a method of suppressing the growth of 
30 an ICAM-l-ej^ressing tumor cell which comprises providing to a patient in 
need of such treatment an amount of a toxin sufficient to suppress the growth, 
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the toxin bdng deiivatized to one of the chimeric antibodies of the present 
invration. 

The invention further provides a method of diagnosing the piesrace 
and location of an inflammation resulting from a response of the specific 
5 defense system in a mammalian subject suspected of having the inflammation 
which comprises: 

(a) administering to die subject a composition containing a 
detectably labded diimeric antibody capable of idratifying a cell which 
expresses ICAM-1, and 

10 (b) detecting the binding ligand. 

The invention additicmally provides a method of diagnosing the 

presrace and location of an inflammation resulting from a response of the 

specific defiense system in a mammalian subject suspected of having the 

inflammation whidi comprises: 
15 (a) incubating a sample of tissue of the subject with a composition 

containing a detectably labded chimeric antibody c^>able of identifying a cell 

which ejqxresses ICAM-1, and 

(b) detecting the binding ligand. 

The invention further provides a method of diagnosing the presrace 
20 and location of an ICAM-l-expressing tumor cdl in a mammalian subject 
suspected of having such a cell, which comprises: 

(a) administraing to the subject a composition containing a 
detectably labded diimeric antibody cs^le of binding to ICAM-1, and 

(b) detecting the binding ligand. 

25 The invention further provides a method of diagnosing the presence 

and location of an ICAM-l-expressing tumor cdl in a mammalian subject 
suspected of having such a cell, which comprises: 

(a) incubating a sample of tissue of the subject with a composition 
containing a detectably labded diimeric antibody capable of binding ICAM-1, 

30 and 

(b) detecting the binding ligand. 
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The invmticm additionally includes a pharmaceutical composition 
compn^g: 

(a) an anti-infiammatoiy agMt consisting of a chimeric antibody 
cs^le of binding to ICAM-1, and 

(b) at least one immunosuppressive agent sdected firom tiie group 
counting ot dexametiiasone, azathiopnne and cyclosporin A. 

The preset invration also rdates to die use of diimeric antibodies 
capable of binding ICAM-1 in anti-viral tiien^. 

In detail, the invaition provides a method for treating viral infection, 
wh«dn said virus binds to die ICAM-1 receptor, in an individual in need of 
such treatment, whraein the method comprises providing to tiie individual an 
amount of a chimeric antibody c^>able of binding ICAM-1 suffidrat to 
suppress viral infection. 

The invration furttier provides a m^od for suppressmg the infection 
of l^ikoqrtes wifli HIV, which comprises administering to a patient eaposed 
to or effected by HIV, an effective amount of an HIV-1 mfisction suppression 
agrat, die agait bdng a chimeric antibody capable of binding to ICAM-1. 

The invoition furtii^ concerns flie embodiment of die above mefliod 
whttrin die HIV is HIV-L 

The invmtion further provides a mediod for suppressing the 
extravascular migration of a virally infected leukocyte in a patimt having sudi 
a leukocyte, which comprises administrang to tiie patimt an effiective amount 
of a chimrac antibody c^wble of impairing the ability of said leukocyte to 
bind to ICAM-1. 

The invmticm fiirfli^ conqirises die embodiment of the above-described 
m^hod wh^dn die virally infected leukocytes are infected wife HIV. 

The invmtion fimher comprises die embodiment of tiie above-described 
meaK)d wherdn die agmt is a chimeric antibody capable of binding to ICAM- 
1. ; 
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The invaidon fiirth^ pitmdes a method for treating asthma in a 
patient which comprises providing to the pati^t an effective thefs^)eutic 
amount of a ciiimeric antibody capable of binding to ICAM-1 

The invention fiirth^ ccmcems the embodimat of the above desoibed 
5 mediods wherein the diimeric antibody capable of binding to ICAM-1 is 
derived firom ttie murine mcmodonal antibody R6-S-6D. 

Brief Description of the Fipires 

Figure 1 shows die cDNA sequence for the 5' untranslated r^on, signal 
sequrace» variable region and part constant region for the R6- 
10 5-D6 murine MAb light diain; 

Figure 2 shows similar cDNA and aniino add sequence for the R6-S-D6 
murine MAb heavy chain; 

Figure 3 shows a plasmid diagram of plasmid expression vector pEE6 
hCMV; 

15 Figure 4 shows plasmid diagrams indicating the strategy for cmstruction 
of light diain expression plasmid pALS; 
Figure 5 shows plasmid diagrams indicating the strategy for construction 

of heavy cham expression plasmid pAL6; 
Figure 6 shows agraph giving results of a competition assay comprising 
20 binding of recombinant and murine R6-S-D6 and a control 

MAb UPCIO; 

Figure? shows plasmid diagrams indicating the strategy for the 

construction of dumeric light chain expression vector pAL7; 
Figures shows plasmid diagrams indicating the strata for the 
25 construction of chimeric heavy chain (IgG2 isotype) e3q>ression 

vector pAL8; 

Figure 9 shows outline restriction maps for the chimraic heavy chain 
expression vectors pAL8 and pAL9; 
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Figure 10 shows plasmid diagrams indicating the procedures involved in 
the construction of the GS amplification chimedc light chain 
e3q)ression vector pALlO; 

Figure 11 shows similar plasmid diagrams for the construction of the GS 
5 chimeric heavy chain CteG2 isotype) expres^on vector pAL12; 

Figure 12 shows similar diagtams for Ae chimeric heavy diain (IgG4 
isotype); 

Figure 13 diows SDS-PAGE analysis mder non-redudng and reducing 
conditions. The notation above each lane describes the type of 
10 gme used in the transimt ^ression expmment. 

mL mouse light cL chimeric light 

74 diimedc 74 heavy mH mouse heavy 

72 diimeric 72 heavy B72.3 control cL/cH graes 
Figure 14 shows SDS-PAGE analysis of purified chimeric anti-ICAM-1 
15 antibody or (A) non-redudng and (b) reducing gds. 

On each gd Lane 1 is control chimeric B72.3 

antibody (IgG4) 
Lane 2 is Pharmacia low molecular 
wdght markers 

20 Lanes 3-9 are chimeric anti-ICAM IgG2 

4/tg 0.125Aig in doubling 
dilutions 

Lane 10 is Pharmacia low molecular 
weight markers 

25 Lanes 11-17 are chimeric anti-ICAM IgG4 

4^g -•^ 0.125fig in doubling 
dilutions 

Figure 15 shows HPLC Gel filtration of diimeric anti-ICAM antibody of 
:^G2 and IgG4 isotypes. 
30 The profiles are sup^imposable and elute at a time which 

corresponds to 150kd tetrameric antibody. 
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Figures 16 shows graphs of binding assays of chimeric 

and 17 antibodies against standards, and 

Figures 18 ^ows graidis of comp^ticm binding assays 

19 and 20 of chimeric antibodies against standards. 

Figure 21 Inhibiticm of MLR with antibodies. 

Figure 22 InhibiticMi of Vascular p^meability in a modified 
Sdiwartzmann Assay with antibodies. 

Brief Dcfigfiptinn nf th^ Prpfcrrpd ^bodiments 



A, gymanizgd Aqtibpdigs 
10 The first ^bodimmt of the present inventicm provides a chimeric 

antibodies molecule comprising heavy and/or light diain variable r^ons of 
an anti-ICAM-1 antibody. 

Typically die anti-ICAM-1 antibody is a rodent MAb. 
Spedfically, in the first embodiment of the presrat invation die 
15 cfaimmc antibody is a humanized chimeric antibody molecule. In which case 
die diim^c antibody comprises heavy and/or light chain variable r^ons of 
a non-human (e.g. , rodmt) anti-ICAM-1 antibody linked to heavy and/or light 
chain constant r^on domains of a human antibody. The DNA which codes 
for such humanized diimmc heavy and/or light diains comprises DNA coding 
20 for the non-human variable r^on domains linked to DNA coding for human 
constant region domains. 

The chimeric antibodies molecule of the present invration may 
comprise: a complete antibody molecule, having full length heavy and tight 
chains; a fiagm«it thawf, such as the Fab or (Fab')2 fragmrat; a light chain 
25 or heavy chain monomer or dimer, including ftagmoits thereof or any 
chim^ antibody molecule with the same specificity as an anti-ICAM-1 
antibody. 

The diimeric antibodies of the present invention may be a "chemical 
derrvative" of the antibody. As used herein, a molecule is said to be a 
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"di^cal derivative" of another molecule when it contains additional 
diemical moieties not nonnally a part of die molecule. Such moieties may 
improve die molecule's solubility, absorption, biological half life, etc. The 
moieties may alternatively decrease the toxicity of die molecule, eliminate or 
attrauate any undesirable side effect of the nwlecule, etc. Moieties c^[>able 
of mediating such effects are disclosed in Remington's Pharmaceutical 
Sciences (19iS0). "Toxin-dmvatized* molecules constitute a special class of 
"chMucal dravatives." A "toxin-dravatiized" molecule is a molecule (sudi 
as ICAM-1 or an antibody) which contains a toxin moiety. The binding of 
sue* a molecule to a cell brings die toxin moiety into close proximity with die 
cell and tiieaneby promotes cell deatii. Any suitable toxin moiety may be 
CTiployed; howevo*, it is preferable to wiploy toxins such as, for example, 
toe ridn toxin, the diphtheria toxin, radioisotopic toxins, m^bxane-cfaannd- 
forming toxins, etc. Procedures for coupling such moieties to a molecule are 
well known in the art Altanatively the diim^c antibody can be attached to 
a maax>cycle, for chelating a heavy metal atom. 

Alternatively, die procedures of recombinant DNA technology may be 
used to produce a "chemical derivative" of die chimeric antibody in which die 
Fc fiagmmt or CH3 domain of a complete antibody molecule has bem 
replaced by or has attadied diereto by pq)tide linkage a fimcficmal 
ncm-immunoglobulin prc^dn sudi as an enzyme or toxin molecule. 

In die case of humanized chimeric antibody molecules, die remamd^ 
of the molecule may be derived from any suitable human immunoglobulin. 
Human cra^t r^on domains may be selected having regard to tiie 
proposed function of die antibody in particular the effector functions wWdi 
may be required. For example, die constant region domains may be human 
IgA, IgE, 1^ or IgM domains. In particular, IgG human constant r^icm 
domains may be used including any of die IgGl, IgG2, IgG3 and IgG4 
isotypes. Thus IgG2 or preferably IgG4 isotypes may be used when die 
humanized chimmc antibody is intmded for tiier^utic purposes, requiring 
an absrace of antibody effector functions e.g., to block ICAM-l-LFA-1 
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interactions. Chimeric IgG anti-ICAM-1 antibodies may have different 
avidities depending on isotype and tiiis may influ»ce tiie therapeutic dioice. 
Most preferably IgGl human constant region domains are used. We have 
found that a IgGl chimeric antibody appears to have a higher binding avidity 
5 for ICAM-1 than IgG2 or IgG4 chimeric antibodies, possibly due to a greater 
flexibility of the IgGl hinge promoting bivalrat binding to the antigra. 

Hie remainder of the humanized chimmc antibody molecule need not 
comprise <mly protdn sequraces from the human immunoglobulin. For 
instance, a gene may be constructed in whidi a DNA sequoice encoding part 
10 of a human immunoglobulin chain is fused to a DNA sequence ^coding the 
amino add sequence of a polypeptide effector or reporter molecule. 

Prrfi^ably, the chimmc antibody molecule of the preset invention 
will be produced by recombinant DNA tedmology. 

A second embodin^t of the pres»t invention provides DNA coding 
15 for a heavy or light chain variable r^on of an anti-ICAM-1 antibody. 

A third embodiment of the present inv^tion provides a process for 
produdng an anti-ICAM-1 humanized chimeric antibody molecule which 
process comprises: 

(a) iprodudng in an expression vector an operon having a DNA 
20 sequence which encodes an antibody heavy or light diain 

wherein at least the variable domain is derived from a non- 
human (rodfflt) anti-ICAM-1 antibody and the remaining 
immunpglobulin-derived parts of the antibody chain are d^ved 
from a human immunoglobulin; 

(b) producing in an expression vector an qpenm having a DNA 
sequrace which racodes a complemratary antibody light or 
heavy chain wherein at least the variable domain is dmved 
from a non-human- (rodent) anti-ICAM-1 antibody and tiie 
remaining immunoglc^ulin-derived parts of the antibody chain 
are derived from a human immunoglobulin; 



25 



30 
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(c) transfecting a host cell with die or eadi vector, and 

(d) cultumg die tiansfected cdlline to produce the humanized 
diimeric antibody molecule. 

Hie cdl line may be transfected witii two vectors, die first vectw 
ccmtaining an apema encoding a light chain-dedved polypeptide and tiie 
second vector containing an operon encoding a heavy chain-derived 
polypq)tide. Piefiaably, the vectors are idoitical except in so fer as the 
coding sequences and sdectable markos are concerned so as to ensure as fai 
as possible that eadi potypeptide chain is equally expressed. 

Ahonativdy, a single vector may be used, tfie vector including the 
sequmces encoding bodi light diain- and heavy diain-derived polypq>tides. 

Hie DNA in the coding sequences for tiie light and heavy diains may 
comprise <^NA or gawHrnc DNA or bofli. However, it is preferred diat the 
DNA sequmce racoding the heavy or light chain comprises at least partially 
genomic DNA. Most ineferably, the heavy or light chain aicoding sequaice 
comprises a fusicm of cDNA and genomic DNA. 

Thus, the presait invention also includes cloning and es^resaon 
vectors and transfected cdl lines used in the process of the invoition. 

The genoal metfiods by which the vect(»5 may be construrted, 
transfection mediods and culture mrthods are wdl known/ier 5e and form no 
part of the invmtion. Sudi methods are shown, for instance, in Maniatis 
etal., Molecular Cloning, Cold Spring Harbor, New Yoric (1982); and 
Primrose and Old, Prindples of Gene Manipulation, BlackweU, Oxford 
(1980). 

The anti-ICAM-1 antibodies of tiie invention include all anti-ICAM-1 
5>«aficities. TypicaUy, however, tiie antibodies have specificity for antigenic 
q>itopes of ICAM-1 which when' bound by flie antibody block, inhibit or 
otiierwise modify ICAM-l/LFA-1 and or ICAM-l/Mac-1 intraactions. 
Preferably tiie antibodies have specificity for tiie same or similar ICAM-1 
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antigoic epitopes as the R6-5-D6 etc. antibodies. Mo^ especially the 
antibodies are derived fiom die R6-5-D6 antibody. 

B. Tftgrapwtic8 and Plagnpsis 

The piesrat invention also indudes therq)eutic and diagnostic 
5 compositions containing the chimeric antibodies of the invention and uses of 
such compositions in th^s^y and diagnosis. 

Ihe th^:^)eutic uses to which the products of the anti*ICAM-l 
invmtion may be put include any of die therapeutic uses to which anti-ICAM- 
1 antibodies may be put including for example any or all of the therapeutic 
10 uses described in EP-0289949, EP-0314863, and corresponding ^licaticms. 

1. Anti'InflMnmatory Agents 
A. Specific Inflammation 

Monodonal antibodies to m^bm of die CD 18 or CD-I 1/18 comply 
inhibit many adhesion depmd»t functions of leukocytes including binding to 

15 endotiieUum (Haskard, D., et al., J. ImmmoL 137:2901-2906 (1986)), 
homotypic adhesions (Rotiilein, R., et al., J. Exp. Med. id?:1132-1149 
(1986)), antigm and mitogen induced proliferation of lymphocytes (Davignon, 
D., ei al., Proc. Natl Acad. USA 78:4535-4539 (1981)), antibody 
formation CPischer, A., ei al., /. Immunol ii5:3198-32Q3 (1986)), and 

20 effector functions of all leukocytes sudi as lytic activity of cytotoxic T cells 
(Kroisky, A.M., et al., /. Immmol i52:2180-2182 (1984)), macrophages 
(Strassman, G., et al., J. Immmol J55:4328-4333 (1986)), and all cells 
involved in antibody-dependrat c^ular cytotoxicity reactions (Kohl, S. , er a/. > 
J. Immunol iii:2972-2978 (1984)). In all of tfie above functions, flie 

25 antibodies inhibit the ability of the l^ikocyte to adhere to the appropriate 
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cellular substrate which in turn inhibits the final outcome* Although both 
polyclonal and monoclonal antibodies may be employed to inhibit these 
function, the present invmtion provides ah improvemoit through the use of 
a chimeric anti-ICAM-1 antibody. 

As discussed previously, the binding of ICAM-1 molecules to the 
membm of LFA-1 £unily of molecules is of centrsi in9>ortance in cellular 
adhesion. Huough the process of adhesion, lymphocytes are capable of 
continually monitoring an animal for the piesmce of foreign antigens. 
Although these processes are normally desirable, they are also die cause of 
organ transplant rejection, tissue graft rejection and many autoimmune 
diseases. Hoice, any means c^iable of attmuating or inhibiting cellular 
adhesion would be highly desirable in redpiOTts of organ transplants, (e.g., 
kidney), tissue grafts or autoimmune patirats. 

A chim«ic antibody callable of binding to ICAM-1 is highly suitable 
as an anti-inflammatory agent in a mammalian subject. Significantly, sudi an 
agoit differs finom gmeral anti-inflammatoiy agents and non-humanized 
antibodies in that thsy are capable of sdectivdy inhibiting adhesion, do not 
offer oth» side rffects such as nqihrotoxicity which are found witfi conven- 
tional agOTts, and Kmit the amount of HAMA associated with fte use of 
murine MAbs. A chimeric antibody c^)able of binduig to ICAM-1 can 
therefore be used to prevrat organ (e. g. kidney) or tissue rqection, or modify 
autoimmune responses without die fear of such side effects, in the mammalian 
subject 

Importantly, the use of humanized antibodies capable of recognizing 
ICAM-1 may permit one to perform organ transplants even b^em 
individuals having HLA mismatch. 

In die fordi CTibodimait of the present invention a method for 
suRiressing specific inflammaticHi is provided wheidn said method comprises 
providing to redpirat subjects in need of such a treatmrat an amount of one 
of the chimeric antibodies of the presmt invention sufficient to suppress 
inflammation. An amount is said to be sufficiOTt to -suppress" inflammation 
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if the dosage, route of administiatiQn, of the agent are sufGciCTt to 
attaiuate or ptev&tt inflammatim. 

The chimeric antibody may be administered either alone or in 
combination widi one or more additional immunosiqypressive agmts 
5 (especially to a recqnoit of an organ (e.g. kidney) or tissue transplant). The 
administraticm of such a composition may be for dther a "prophylactic** or 
"therapeutic** purpose. Whm provided prophylactically, the 
inmiunosuppressive composition is provided in advance of any inflammatory 
response or symptom (for example, prior to, at, or Portly after) the time of 

10 an organ or tissue transplant but in advance of any symptoms of organ 
rejection). The prophylactic administration of the composition serves to 
prevCTt or attenuate any subsequrat inflammatory response (such as, for 
example, rejection of a transplanted organ or tissue, etc.). yfhen provided 
th^sq)eutically, the immxmosuppressive composition is provided at (or shorfly 

15 after) the ons^ of a symptom of actual inflammation (sudi as, for example, 
organ or tissue rejection). The ther^utic administration of the composition 
s^es to attenuate any actual inflammation (such as, for example, die 
rqection of a transplanted organ or tissue). 

Tlie anti-inflanmiatory agents of the presmt invration may, thus, be 

20 provided dther prior to the onset of inflammation (so as to suppress an 
anticipated inflammation) or aft^ the initiation of inflammation. 

Since ICAM-1 molecules are expressed mostly at sites of inflammation, 
such as diose sites involved in delayed type hypersmsitivLty reaction, 
antibodies (especially chimeric antibodies derived from anti-ICAM-1 

25 moiu)clonal antibodies) c^>able of binding to ICAM-1 molecules have 
ther^>eutic potential in the attenuation or elimination of such reactions. This 
potmtial therapeutic use may be exploited in either of two manners. First, a 
composition containing a chimeric antibody c^xable of binding to ICAM-1 
may be administ^^ to a patirat experiencing delayed type hypersamtivity 

30 reaction. For example, such compositions might be provided to a individual 
who had bera in contact with andgens such as poison ivy, poison oak, etc. 
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In a sixft embodimmt, one of the chimeric antibodies of the present 
invmtion is administered to a patirat in conjunction with an antigm in oidex 
to prevent a subsequeit inflammatory reaction, Tlius, the additional 
administration of an antigm witii an ICAM-l-binding chimeric antibody may 

5 temporarily tolraze an individual to subsequ»t presmtation of that antigffl. 

Since LAD patients that lade LFA-1 do not mount an infiammatoiy 
response, it is believed that antagonism of LFA-Ps natural ligand, ICAM-1, 
will also inhibit an inflammatory response. Hie ability of antibodies against 
ICAM'l to inhibit inflammation provides tiie basis for their flierapeutic use in 

0 tiie treatmMt of chronic inflanmiatory diseases and autoimmune diseases such 
as lupus eryfliMnatwus, autoimmune tfiyroiditis, experimratal allergic 
OTcephalomyditis (EAE), multiple sclwosis, some forms of diabetes 
Kqmaud^s syndrome, rhramatdd arthritis, etc. Such antibodies may also be 
«nployedasaaienq[>y in ftetreatm«it of psoriasis. In graeral, a diimeric 

5 antibody cqiable of binding ICAM-1 may be employed in the treatmait of 
those diseases currentiy treatable through steroid therapy. 

B. ypff-specific foflammatiop 

The iwesent invMtion derives from flie discov^ that ICAM-1 on 
endotiiefial cells binds to flie mwnbOT of tiie CD18 family of molecules on 

0 granulocytes respcmable fiw mediating granulocyte-endothelial ceil adhesion 
and fliat antagonists of ICAM-1 are capable of inhibiting such adhesion. Such 
inhibition provides a means fer treating genoal, non-spedfic tissue inflammatiai . 

Since cellular adhesion is required in ordex that leukocytes may 
migrate to sites of non-spedfic inflammation and/or carry out various effector 

5 functions contributing to tiie inflammation, agmts which inhibit cellular 
adhesicm will attmuate or prevMt tiiis inflanunation. A "non-specific defrase 
systCTi reactiOT" is a response* mediated by laitocytes inc^)able of 
immunological memory. Such cells include granulocytes and macrophages. 
As used herein, inflammation is said to result from a response of ttie non- 



10/11/2006, EAST Version: 2.1.0.14 



wo 91/16928 



PCr/US91/02946 



-29- 

spedfic defense system, if the inflammation is caused by, mediated by, or 
associated with a reaction of the non-spedfic defrase system. Examples of 
inflammation whidi le^t, at least in part, from a reaction of the non-spedfic 
def«se systCT include inflammation associated with conditions such as: adult 
S lespiiatory distress syndrome (ARDS) or multiple organ injury syndromes 
secondary to sq)ticemia or trauma; reperfiision injury of myocardial or other 
tissues; acute glomenilonqihritis; reactive arthritis; dermatoses with acute 
inflammatory compon»its; acute purulent m^iingitis or odier cratral nervous 
system inflammatory disorders, e.g. stroke; thermal injury; hemodialysis; 

10 leukaph^:eas; ulc^ative colitis; Crohn's disease; necrotizing enterocolitis; 
granulocyte transfusion assodated syndromes; and cytokine-induced toxidty. 

In a fifth raibodiment of the presmt inventimi a method of treating 
non-spedfic inflammation is provided wherein said method comprises 
providing to a subject in need of such treatm»t an effective amount of cme of 

IS the chim^ic antibody of the present inv^tion. 

2. Diagnostic and Prognostic Applications 

Since ICAM-1 is expressed mosdy at sites of inflammation, a chimmc 
antibody aQ»ble of binding ICAM-1 may be employed as a means of imaging 
or visualizing the sites of infectior^ and inflammation in a patient 

20 In an dghth embodiment of die preset inventicm, a diimeric antibody 

is detectably labeled, through the use of radioisotopes, affinity labds (such as 
biotin, avidin, etc.) fluorescent labels, paramagnetic atoms, etc and are 
provided to a patiait to localize the site of infection or inflammation. Proce- 
dures for accomplishing such labeling are well known to the art. Clinical 

25 plication of antibodi^ in diagnostic imaging are reviewed by Grossman, 
ILB., Vrol din. NorOi Amer. 25:465-474 (1986)), Unger, E,C. et al., 
Invest. Badiol 20:693-700 (1985)), and Khaw, B.A. et ah. Science 209:295- 
297 (1980)). 
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The d^tion of foci of such detectably labded antibodies is indicative 
of a site of inflammation or tumor devdqpmrat In one embodimrat, this 
examination for Inflammation is done by removing samples of tissue, 
incduding blood cells, and incubating such samples in the presence of the 
5 detectably labeled antibodies. In a preferred embodiment, this tedmique is 
done in a non-invaave mann^ tiirough the use of magnetic imaging, fluoro- 
gnphy, etc. Sudi a diagnostic test may be employed in mcmitoring organ 
transplant rec^oits for early signs of potential tissue rejection. Such assays 
may also be conducted in ^orts to determine an individual's predilection to 
10 rheumatoid arthritis or other chronic inflammatory diseases. 

3. Adjunct to the Introduction of Antigenic M aterial Administered 
for Thmpeutic or Diagnos tic Purposes 

Inunune responses to thexstpeutic or diagnostic agents such as, for 
sample, bovine insulin, interferon, tissue-type plasminogen activator or 

IS murine monoclonal antibodi^ substantially impair the tiier^)eutic or diagnostic 
value of such agrats, and can, in fact, causes diseases sudi as serum sickness. 
Such a situation can be ronedied tiirough the use of the chimeric antibodies 
of ttse preset invration. In this embodimmt, such antibodies wcmld be 
administoed in combination with die tha:!^utic or diagnostic agrat 

20 In a ninth ^bodim»t of flie present inv»tion the addition of an 

effective amoimt of a diimeric antibody with spedfidty to ICAM-1 is 
administra: to a subject in ordo" to prev«it fhe redpiait from recognizing the 
agent, and tiiaefore prevat tiie redpiait from initiating an immune response 
against it The abs»ce of such an immune response results in tiie ability of 

25 flie patiMt to receive additional administrations of flie tiierapeutic or diagnostic 
agrat 

4. AT^ti^vffa^ BWgg Qf ghimgrjg anti^Tftdift^ 
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Anotb^ aspect of the preset inv^tion relates to the discovery of that 
ICAM-1 is the cellular recq>tor of c^tain viruses, and is thus required in 
order for die virus to adhm to and infect human cells (Greve^ JM. et ail., 
Cfefl 55:839-847 (1989); Staunton, D.R et al., Cfeff 55:849-853 (1989), both 
5 of which references are incorporated by lefi^race herein in their entirety). 
In particular, rhinoviruses, and eq)ecia]ly riiinoviruses of the nuyor s^type 
have bem found to be capable of mediating their infection through dieir 
capacity to bind to the ICAM-1 molecules present on cell surfaces. 

The trath ^bodimmt of the present invmtion is directed toward the 
10 use of chimeric antibodies capable of binding ICAM-1 to treat viral infection. 
Because sudi antibodies are c^)able of blocking die ICAM-1 of endothdial 
cells for viral attachmrat, their administration to a recipient individual results 
in die deorease in receptors available for viral binding, and thus decreases die 
p^cratage of viruses which attach and infect the cells of an individuaL 
IS ICAM-1 has the ability to interact with and bind to viruses, and in 

partiralar, diinoviruses of the major serotype within the graus Picomaviridae, 
group A coxsackieviruses (Colonno, RJ. etal.,J. viroL 57:7-12 (1986)) and 
Mrago viruses (Rossmann, M.G. et al., Virol 75^:373-382 (1988)). TWs 
interaction is mediated by ICAM-1 amino add residues which are presmt in 
20 domain 1 of the ICAM-1 molecule. Sudi interactions are assisted, however, 
by contributions fiom amino adds present in domains 2 and 3 of ICAM-l. 
Hius, among the prefixed chimeric antibodies of this embodiment are 
antibodies cq>able of binding to domains 1, 2, and 3 of ICAM-1. More 
prefiorred are chimeric antibodies capable of binding to domains 1 and 2 of 
25 ICAM-1. Most prefmed are chimeric antibodies c^>able of binding domain 
1 of 

ICAM-1. 

The administration of the anti-viral agents of the present invration may 
be for ddier a "prophylactic" or- '•theR5)eutic" purpose. Whra provided 
30 prophylactically, the anti-viral agent is provided in advance of any symptom 
of viral infection (for example, prior to, at, or shortly afta^ the time of 
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infecdon, but in advance of any symptoms of sudi infection). The 
proi^ylactic administration of the agent serves to prevent or atteiuate any 
subsequrat viral infection, ortoreducettiepossibilitytiiat such infection will 
be contagious to others. 
S When provided therapaitically, the anti-viral agent is provided at (or 

shortly after) the onset of a synq»tom of actual viral infection (such as, for 
exanq>le, nasal congestion, fever, etc* Hie th0ra{)eutic administration of the 
agmt serves to at^uate any actual viral infection. 

The anti-viral ag»ts of ttie present invention may, thus, be provided 
10 eidier prior to the onset of viral infection (so as to suppress an anticipated 
infection) or after the initiation of sudi infection. 

5. Sutypression of mv Infection and the p revention of the 
Dissemination of HIV Infected Cells. 

The deventh embodim^ of presmt invmtion provides a method for 
15 suppressing the infection of HIV, which comprises administering to an HIV- 
infected individual an effective amount of an HIV infection suppression agent. 
Although ttie invention is particularly concerned with a mediod for ttie 
siqypression of HIV-1 infection, it is to be und^^tood tibat the mediod may be 
applied to any HIV-1 variant (sudi as, for racample, HIV-2) whidi may infect 
20 cdls in a way which may be suppressed by tiie agrats of the presrat 
invraiticm. Such variants are the equivalrats of HIV-1 for the purposes of ttie 
pres»t invention. 

One aspect of tfie presrat invention derives from the recognition that 
expression of LFA-1 aini, in some cases, ICAM-1, stimulated by HIV 
25 infection, promotes ceU-to-cdl adheroice reactions tiiat can increase the 
contact time of infected with uninfected cells, facilitating transfer of virus 
firom infected to uninfected cells.. Thus, chimeric antibodies capsble of 
binding ICAM-1 are able to suppress infection by HIV, and, in particular, by 
HIV-1. 
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One means through which molecules which bind to ICAM-1 may 
suppress HIV infection is by impairing the abiUty of the ICAM-1 expressed 
by HIV-infected cdls to bind to die CDl 1/CD18 receptors of a healdiy T cell. 
In order to impair the ability of a cdl to bind to die CDlla/CDlS recq>tor, 
5 or to the ICAM-1 ligand molecule, it is possible to raiploy chimeric 
antibodies capable of binding to ICAM-L 

The agents of the preset invation are intended to be provided to 
recipient subjects in an amount sufficimt to achieve a suppression of HTV 
infection. An amount is said to be sufBdrat to "suppress" HIV infection if 

10 the dosage, route of administration, etc. of die agait are sufficient to attrauate 
or prevCTtsudi HIV infection. The agmts are to be provided to patirats who 
are es^posed to, or effected by HIV infection. 

The chimeric antibodies of the preset invention may be for dther a 
"prophylactic" or "tiier^)eutic" purpose in tfie treatmrat of HIV infection. 

15 Whm provided prophylactically, tiie antibody is provided in advance of any 
symptom of viral infection (for example, prior to, at, or shortly after) the time 
of such infection, but in advance of any symptoms of such infection). Hie 
prophylactic administration of die antibody s^es to prevent or attenuate any 
subsequmt HIV infection. When provided diers^utically, tiie antibody is 

20 provided at (or shortly aft^) die detection of virally infected cells. The 
therapeutic administration of the antibody s^es to attrauate any additional 
HIV infection. 

The agrats of die presrat invention may, thus, be provided either prior 
to die onset of viral infection (so as to suppress the anticipated HIV infection) 
25 or after die actual detecticm of such virally infected cells (to suppress further 
infection). 
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la particular, the invention provides an inqnxived therapy for AIDS, 
and an enha nc ed means fot suppressing HIV infection, and particularly HIV-1 
infection, which comprises flie co-administtation of: 

(0 ICAM-1, a soluble ICAM-1 derivative, CDll (ather GDI la, 

5 CDllb, or CDllc), a soluble CDll derivative, CD18, a 

sohible CD18 derivative, or a CD11/CD18 h^erodimer, or a 
soluble dedvative of a CD11/CD18 hetexodimer and/or 
(n) a diimeric antibody enable of binding to ICAM-1 with 
(HI) cell or particle associated CD4 or a soluble doivative of CD4 
10 and/or 

(IV) a molecule (preferably an antibody or antibody fragment) 
capable of binding to CD4. 

In die twdfth embodimoit of the presoit invention also a m^od fer 
snppresang tiie migraticMi of HIV-infected cdls is provided whraean said 
15 medKxl comindses administering an effective amount of an anti-migration 
agoit to an HIV-infected individual. 

The anti-migiaticm agents of die |nes«it invaiticm include any diimaic 
antibody ci^le of inqiairing ti» abiKty of an HIV-infected T cdl to bind to 
ICAM-1. (tumeric antibodies whidi bind to ICAM-1 will suppress migratioi 
20 by impairing tiie ability of tiie ICAM-1 expressed by HIV-infected T cells to 
bind to cells expressing a CD11/CD18 receptor. In order to impair the ability 
of a cdl to bind to die CDlla/CD18 recqitor it is possible to employ a 
dumetic antibody capable of binding to ICAM-1. 

The agaits of tiie present invoition are intended to be provided to 
25 Jwapient subjects in an amount sufficient to siqjpress tile nngration of HIV (ot 
otiiH- vitally) infected T cdls. An amount is said to be sufifidoit to 
"suppress" migration of T cdls if tiie dosage, route of administration, etc. of 
die agoit are sufBdent to attoiuate or prevail such migration. 

The administration of a diimeric antibody may be for dtiier a 
30 "prophylactic" or "tiierapeutic" purpose. When provided prophylactically, tiie 
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chimeiic antibody is provided in advance of any symptom of viral infection 
(for example, prior to, at, or diortly aft^) the time of such infection, but in 
advance of any symptoms of such infection). Hie prophylactic administration 
of the chimeric antibody saves to prevmt or attrauate any subsequent 
5 migration of virally infected T cells. When provided therapeutically, the 
chim^c antibody is provided at (or Portly dfta) the detection of virally 
infected T cells. The thers9>wtic administration of the antibody serves to 
attenuate any additional migration of such T cells. 

The antibodies of the pres»t invention may, dius, be provided either 
10 prior to the onset of viral infection (so as to suppress die anticipated migration 
of infected T ceils) or after the actual d^ection of such virally infected cells. 

6. Treatment of Asthma 

In the thirteenth raibodimrat of the present invmtion a chimeric 
antibody csqsable of binding to ICAM-1 is used in the treatment of asthma. 

15 The therapeutic effects of the anti-asthma agoits of the present 

invration may be obtained by providing sudi agents to a patioit by any 
suitable means (i.e. intravenously, intramuscularly, subcutaneously, oiterally, 
or parenterally). It is prefmed to administa the agents of ttie pres»t 
invention intranasally as by nasal spray, swab, etc. It is especially preferred 

20 to administer such agents by oral inhalation, or via an oral spray or oral 
aerosol. When administering agents by injection, the administration may be 
by omtinuous infusion, or by angle or multiple boluses. 

Tlie anti-asthma agmts of the present invention are intmded to be 
provided to redpient subjects in an amount sufSdmt to lessen or attenuate the 

25 severity, extent or duration of die asthma symptoms. 

The chimeric antibodies of the presmt invention may be administered 
eitha alone or in combination with one or more additional anti-asthma agents 
(such as methykanthines (such as theoi^ylline), beta-adrene^c agonists (such 
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as catecholamines, resoidnols, saligenins, and ephedrine), glucocorticoids 
(sudi as hydrocortisone), chromones (such as cromolyn sodium) and 
anticholinergics (such as atropine), in ord^ to decease the amount of such 
agaits needed to treat the asthma ^mptoms. 
5 The administration of the diimeric antibodies of the present invention 

may be for dth» a 'prophylactic" or "flier^tic*pu^^ Whai provided 
piq>hylactically, the diimeric antibodies are provided in advance of any 
asthma symptom. The prophylactic administration of the diimeric antibody 
s^es to prevent or attrauate any subsequent asthmatic response. When 

10 provided therap«itically , the chimmc antibody is provided at (or shortly after) 
the onset of a symptom of asthma. The thra^peutic administration of the 
antibody serves to attmuate any actual asflunatic episode. The antibodies of 
the presmt invration may, Aus, be provided dtter prior to the onset of an 
anticipated asthmatic episode (so as to att^uate the antidpated severity, 

15 duration or extait of the episode) or after the initiation of the episode. 

C. Administration of fte Comt)ositiQns of the Present Inventaon 

The therapeutic effects of chimeric antibodies aqpable of binding 
ICAM-1 may be obtained by providing to a patient an effective amount of a 
cfaim^ antibody which is substantially ftee of natural contaminants. The 
diimeric antibodies of the presrat invration disclosed herein are said to be 
"substantially finee of natural contaminants" if preparations which ccmtain tfiem 
are substantially free clfeiatmals widi whidi these products are normally and 
naturally found. 

The present inv»tion extends to chimeric antibodies whidi may be 
25 produced dthw* by an animal, or by tissue culture, or recombinant DNA 
means. 

In int>viding a patirat with a chimmc antibody, the dosage of 
administered agwit will vary dq)ending upon such fectors as the patittit*s age, 
wdght, hdght, sex, genrad medical condition, previous medical history, etc. 



20 
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In geo^, it is desirable to provide the xedpient with a dosage of antibody 
which is in the range of from about 1 pg/kg to 10 mg/kg (body weight of 
patient), although a lower or higher dosage may be administ0:ed. 

A dmneric antibody cspMc of binding to ICAM-1 may be 
5 administered to patirats intravenously, intramuscularly, subcutaneously, 
CTterally, topically inhaled, intranasally, or parenterally. Whm administoing 
an antibody, die administration may be by continuous administration, or by 
single or multiple boluses. 

A compo^tion is said to be "pharmacologically acceptable* if its 
10 administration can be tolerated by a redpi»t patimt. Such an agent is said 
to be administered in a "therapratically efifective amount* if the amount 
administered is physiologically agnificant. An agent is physiologically 
significant if its presmce results in a detectable change in the physiology of 
a recipient patient. 

IS Hie diimeric antitxxlies of the preset invration can be formulated 

according to known mediods to prepare pharmaceutically useful compositions, 
whmby these antibodies are combined in a mixture with a pharmaceutically 
acceptable carri^ vehicle. Suitable vdiides and thdr formulation, inclusive 
of other human proteins, e.g*, human s^um albumin, are described, for 

20 example, in Remington's Pharmaceutical Sdsices (16th ed^, Osol, A., Ed., 
^iack, Easton PA (1980)). In order to form a pharmaceutically acceptable 
conqx>5ition Stable for effective administration, such compositi<His will 
contain an effective amount of a chim^c antibody together with a suitable 
amount of carri^ vdiicle, 

25 Additional pharmaceutical methods may be raiployed to control the 

duration of action. Controlled release preparations may be achieved through 
the use of polymers to complex or absorb tfie chimeric antibody. The 
controlled delivery may be exercised by selecting appropriate macromolecules 
(for example polyesters, polyamino adds, polyvinyl, pynolidone, 

30 ethyloievinylacetate, methylcellulose, carboxymetiiylcellulose, or piotanune, 
sulfate) and the concentration of macromolecules as well as the methods of 
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incoipoiation in order to control idease* Anoth^ possible method to control 
the duration of action by controlled rdease piq>arations is to incozpoiate die 
diim^ antibody into paitides of a polymmc material sue* as polye^m, 
polyamino adds, hydrpgels, poly(lactic add) or ^ylaie vinylacetate 
cqpolymm. Alternatively, instead of incorporating the antibody into 
polymwic particles, it is possible to eitr^ these mat^s in microc^jsules 
prq)ared, far example, by coac^rvation techniques or by int^&dal 
polymeri2ation, for example, hydro^qrmethylcdlulose or gdatine- 
microcq>sules and poly(mediylmethacylate) microc^>sules, respectivdy , or in 
colloidal drug ddiv»y sy^wns, for wcample, liposomes, albumin 
microspheres, microemulsions, nanoparticles, and nanocapsdes or in 
macroemulsions. Such techniques are disdosed in Remington's Pharma- 
cratical Sdmces (1980). 



MATERTAT^AfimTOnS 
15 1. Tngmning OI1<p 

Hybiidoma cdl line R6-5-D6 producing anti-ICAM-1 antibody was 
provided by Boehringo- Ingdhdm Pharmaceuticals Inc. (Lot No. R6-5-D6 - 
E9-B2 0-29-86) and was grown up in antibiotic ftee Dulbecco's Modified 
Eagles Medium (DMEM) supptenrated with glutamine and 5% fo^ calf 
20 serum, and divided to provide both an overgrown supernatant for evaluation 
and cdls for extraction of RNA. The overgrown supraiatant was shown to 
ccmtain murine lgG2a/k^pa antibody. Cdl cdture supauatant was examined 
and confirmed to contain tiie antibody Re-S-De. 

2. Malecular B iology Proggdnr^ 
25 Basic molecular biology procedures were as Maniatis et al. (1982) 

(Maniatis et oL, Molecular aomng. Cold Spring Harbor, New York (1982)) 
with, in some cases, minor modifications. DNA sequMdng was performed 
as described in Sanger et al. (1977) (Sanger et al., Proc. Natl Acad. Sci. 
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DS4 74:5463-5467 (1977)) and the AmOTham International Pic sequMdng 
handbook. COS cell expression and metabolic labeDing studies as 
described in WhitUe et al. (1987) (Whittle et al,, Prot. Eng. J. 5:499-505 
(1987)). Oiinese Hanistar ()vary (CHO) transfections and cdl cd 
5 p^ormed as described in Gorman (1988) (Gonnan, C. , DNA Cloning 2:143- 
190e(f.(1988))andBebbingtonandHentschel (1988) (Bebbington era/., DiVA 
Ooning 5:163-188 ed. (1988)). 

3. ftgSCTrch Assays 

3.1. Assay for Secreted Antibody Light Chain 
10 Supematants from CHO cdl lines were assayed for secreted light 

diain, after transfection with light duiin expression vectors, as the first step 
in the development of stable cdl lines produdng whole chimeric antibody. 
The procedure was as follows: 

96 well microtitre plates were coated with F(ab')2 goat anti-human kappa light 
15 chain* The plates were washed with water and samples added and incubated 
for one hour at room temperature. The plates were wadied and F(ab')2 goat 
anti-human F(ab')2 Horse radish peroxidase (HRPO) conjugate was then added 
and incubated for a furth^ hour. Enzyme substrate was thm added to reveal 
the reaction. 

20 3.2. Assmiblv Assays 

Assraibly assays were performed on supematants from transfected 
COS cdls and fi-om transfected CHO cdls to determine the amount of intact 
](gG present 

3^.1 COS and CHO Cells transfected with mouse genes 
25 The ass^bly assay for intact mouse IgG in cell sup»:natants was an 

BLISA with the foUowing format:* 

96 well microtitre plates wm coated with F(ab')2 goat anti-mouse IgG Fc. 
The pates wa^ washed in water and samples added and incubated for 1 hour 
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at xoom temperature. The plates were washed and F(ab')2 goat anti-mouse 
IgQ F(ab')2 (HKPO conjugated ) was thai added. Enzyme substrate was tii^ 
added to reveal the reaction. UPCIO, a mouse IgG2a mydoma, was used as 
a standard. 

S 3^^ COS and CHO Cdh traiKferti^ with Chhn^ f>npfp 

The assOTibly assay for intact humanized anti-ICAM-1 in COS cell 
supematants was an BUS A with die following format: 
96 well microtitre plates were coated with F(ab')2 goat anti-human IgG Fc. 
The plates were washed and samples added and incubated for 1 hour at room 
10 tmprature. The plates were washed and monodonal mouse anti-human 
iappsi chain was added and incubated for 1 hour at room temperature. The 
plates were washed and F(ab')2 goat anti-mouse IgG Fc (HRPO ccmjugated) 
was added, fiizyme substrate was tiira added to reveal the reaction. 
Chimeric B72.3 (Bodma- et al.. Published Litemational Patent Application 
15 WO 89/01783) (IgG4) and pooled, purified human IgG2 and IgG4 (Chemicon) 
were used initially as standards. Later, purified chimeric IgG4 anti-ICAM-1 
was used is a standard for work witfi diimeric IgGl anti-ICAM-1. Hie use 
of a monoclonal anti-k^jpa diain in this assay allows flie amount of chimeric 
antibody to be read from the standards. 

3-3. Assay for Antigen Binding Arfivftv 
33.1 Direct BindmP^ 

Material from COS and CHO cell supematants and purified chimwic 
antibodies were assayed for anti-ICAM-1 antigen binding activity onto IC AM- 
1 positive cells in a direct assay. The procedure was as follows: 
JY cells (a human B lynq>hoblastoid cell line which constitutively expresses 
ICAM-1 on the cdl surface) wctb maintained in culture. Monolayers of JY 
cdls were fixed onto 96 well'ELISA plates using poly-L-lysine and 
paraformaldehyde, and the plates were blocted with a solution of bovine 
sCTum albumin in PBS. Samples were added to the monolayers and incubated 



20 



25 
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for 1 hem at room t^paatuie« The plates were washed g»tly using PBS. 
F(ab*)2 goat anti-human IgG Fc (HRPO conjugated) or F(ab*)2 BP^^ anti*mouse 
IgG Fc (HRPO conjugated) was then added as ^lopriate for humanized or 
mouse sanq>Ies. Enzymesubstiate was thoi added to reveal the reaction. The 
S negative control for the cdl-based assay was chimeric B72.3 (IgG4) or pooled, 
purified human IgG2 and IgG4 (Chemicon). The positive ccmtrol was murine 
R6-5-D6 MAb^ 

Competition Binding 

Mcmolayers of JY cells were prepared as in 3.3. 1 . Antibody samples 
10 were added and incubated ov^night at 4''C. Biotinylated anti-ICAM-1 was 
added to all Ae wells. The mixture was left at room temperature for 2 hours. 
The plates ww washed .and either strq>tavidin-HRPO or strq>tavidin- 
betagalactosidase was added. After further incubation »zyme substrate was 
added to reveal die reaction. 

15 333 Mixed Lvmphocvte Reaction Assays 

Perqiheral blood was d>tained from normal, healthy donors by 
venipuncture. The blood (7.5 ml) was layered over 7.5 ml of a 
Ficoll/Hypaque density gradient (Pharmacia, density = L078) room 
temperature and c»trifuged at 1000 x g for 20 minutes. The cells were 

20 washed, counted on a h^nacytometer, and suspmded in RPMI-1640 culture 
medium (Gibco) containing 50 /ig/ml gmtamydn, 1 nM L-glutamine (Gibco) 
and 5% heat inactivated (55 C,30 min) human AB sera (Flow Laboratories) 
(hereafter refmed to as RPMI-culture medium). 

Periirfi^ blood mcmonudear cells (responder cells) were cultured in 

25 medium at 6.25 X 10^ cells/ml in Linbro round-bottomed microtiter plates 
(jf76-013'^. Stimulator cdls from a separate donor were irradiated at 
lOOOR and cultured with the responder cdls at the same concratration. 
Responder cells were added to wells, followed by the monoclonal antibodies 
and the stimulator cells were added last. The total volume per culture was 0.2 
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ml. Controls included responds cdls alone. The culture plates were 
incubated at 3TC in a S% COx-bumidified air atmosphere for S days. Tht 
wdls v/m pulsed with 0.5 uQ tritiated thymidine (*BT) (New Bigland 
Nuclear) for the last 18 hours of culture. 
5 The cells were harvested onto glass Sb&c filters using an automated 

mullq>le sample harvests (Skatron, Norway), rinsing with distilled water. 
The filters wm oven dried and counted in Beckman Ready Safe liquid 
scintillation cocktail on a LKB Bet^late liquid scintillation counter. 

3.4 In Vivo Assays 
3.4«1 Modified Schwartzmami ReacHon 

Tlie local Schwartzmann reaction in rabbit skin can be produced by an 
Ld. injection of endotoxin followed by an Lv. challenge injection of ^nK>san 
18-24 hrs. later. Tlie hemorrhagic necro^ that develops in the previously 
injected skin ^tes is daracterized by microthrombi, intravascular neutrophil 
aggr^ation, platelet and fibrin deposition, vascular permeability increases and 
massive Mtravasation of Mythiocytes(RBQ. We have modified this protocol 
for use in the Cynomologous monkey. Separate, distinct skin sites were 
injected id. with endotoxin (3 fig/ate) or normal saline and 18 hours latw- 
Aese same sites ww injected witii zymosan (300 /tg/site). The resulting 
inflamm atory response was quantitated at 6 hours post-zymosanby measuring 
fte increase in vascular praneability in tfie aidotoxin-injected sites compared 
to the saline-injected sites using ^-BSA. The inhibitory effect of R6.5 (anti- 
ICAM-1), the IgGl, IgG2, and IgG4, chimerics of R6.5 and R15.7 (LFA-1 
b^) WW comi»red to fliat of normal mouse IgG. All IgG preparations were 
administered i.v. at 3 mg/kg prior to the zymosan injections. 

4. CDNA libr ary ConstrugtfoTi 
4.1 mRNA Prep aration and cDNA Synthesis 
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Cells grown as described in Section 1 and L4 x 10^ cells 
harvested and niRNA extracted using the guamdinium/IiQ extraction 
proceduxe. cDNA was prepared by priming from Oligo-dT to genmte full 
Imgtii cDNA* Hie cDNA was methylated and EcoRI linkers added for 
5 cloning. 

4.2 Lifrnwr CQPStrpcBw 

The cDNA library was ligated to pSP64 vector DNA which had bem 
EcoRI cut and the 5' phosfdiate groups rmioved by calf intestinal phosphatase 
(EcoRUdP). The ligation was used to transform high transformation 

10 efSd«cy Escherichia coU HBlOl (E. coU HBlOl) from Bethesda Research 
Labs (HRL) in the case of tiie light chain and E. cott LM1Q35 prepared by 
electroporaticm (Dower et al., Nucl Adds Res. 16:6177 (1988)) in tiie case 
of the heavy diain. cDNA libraries wm prepared. 11600 colonies were 
scremed for the light chain and 25000 colonies were screened for the heavy 

IS chain. 

5. Smwifag 

£ cott colonies positive for heavy or light chain probes were 
identified dth^ by oligonucleotide screraing using the oligonucleotide: 5' 
TCCAGATGTTAACTGCrCAC for tiie light chain, wWdi is complementary 

20 to a sequence in die mouse kappa constant region, or by using a 980 bp 
BamHI-EcoRI restriction fragment of a previously isolated mouse ]^G2a 
constant region done. 6 light chain and 10 heavy chain dones wexe idmtified 
and takoi for second round screening. Positive dones fiom tiie seccmd round 
of screening were grown up and DNA prqyared. The sizes of die gene inserts 

25 were estimated by gel dectrp(rtu>resis and DNA inserts of a size c^c»able of 
ccmtaining a full length cDNA were sequaiced. 
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6. DNA Seqiifti^yf^g 

DNA sequence for Ae 5* untranslated legicms, signal sequences, 
variable regions and 3* untranslated r^ons of full Imgfik cDNAs were 
obtained and are given in Figure 1 for flie light diain and Figure 2 for tbe 
5 heavy chain. 

7. Constroction of cDNA Eypressjoii Vectors 

CelTTech «pies^on vectors are based on the plasmid pEE6-hCMV as 
diown in Figure 3 (BebbingtM, CJL, Published IntOTiational PatMt 
Application WO 89/01036). A polylinker for the insertion of genes to be 

0 expressed has been introduced afte flie major immediate cariy 
promota:/enhanceofthehunmC^megalovirus(hCMV). Marker genes for 
selection of tiie plaanid in transfected rakaryotic cells can be inserted as 
Bamm cass^tes in tite unique BamHI site of pEE6-hCMV. It is usual 
practice to insert the neo and gpt madcOT prior to insolicm of tiie gene of 

5 intaest, whmas the GS marker is inserted last because of the presmce of 
internal EcoRI ates in the cassette. The selectable markers are expressed 
from the SV40 late promoter which also provides an origin of replication so 
that the vectors can be used for expresaon in the COS cdl transient 
expression systwn. The mouse sequences wrae excised as EcoRI ftagmmts 

0 and cloned into either EE6-hCMV-neo for the Ught chain (Figure 4) and into 
EE6-hCMV-gpt for tiie heavy diain (Figure 5). 

8. Expression of cDNAs in COS n>]^ 

Plasmids p AL5 (Figure 4) and pAL6 (Figure 5) were co-transfected 
into COS cells and supenatant from the tranaat expresaon experimmt was 
5 shown to contain assembled antibody which bound to JY cells (Figure 6). 
Metabolic labelling experiments using metiiionine showed e?q)ression and 
assembly of heavy and light chains. 
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9. CgBStfficttQB of Cfrimaic <T?pgs 

Constnicdcm of chimeric genes followed a previously described 
strain (Whittle a/. 1987, (Whittle et al., Prot. Eng. 1, 6:499-505 (1987)). 
A restriction site near the 3' md of the variable domain sequmce is idatified 
5 and used to attach an oligonucleotide adapter which codes for the remainder 
of flie mouse variable r^on and includes a suitable restriction site for 
attadunrat to the constant region of choice. 

9.1 Light qiftwi Gct? CopsHTPrtiflB 

The mouse light chain cDNA sequence ^owed an SfaNl site near the 

10 3' end of the variable region. The m^ority of the sequence of the variable 
r^ion was isolated as a 397 Iqp. EcoSI-S&NI firagm^t An oligonucleotide 
adapts was designed to replace the remainder of the 3' region of the variable 
region £rom tte S&NI site and to indude the S' residues of the human 
constant region up to and induding a unique Narl site whidi had been 

15 previously agineerod into the constant r^on. The link^ was ligated to the 
human in Narl cut pSB32 and the SfaNI-EcoRI adapted Q fragment 

was purified fiom the ligation mixture. Tlie constant region was ligated with 
the BooRInSfeNI cut variable region DNA into an EcoKI/CIP pEE6-hCMV- 
neo treated vector in a Uuee way reaction. Qones wm isolated afi^ 

20 transformation into E. coU and the linker and junction sequences were 
confirmed by DNA sequmdng. 

Figure 7 ^ws the strategy for construction of the chimeric light chain. 

9J Hctyy Ckm to? CpnyfrprtiPn 

9*2.1. Choice of Heavy Chain Gene fcotvpe 
25 Chimrac heavy chain genes coding for both human IgG2 and IgG4 

isotypes were constructed. 
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9 J J. Gene CansbmeUnn 

The heavy chain cDNA sequoice showed a BanI site near the 3' end 
of die variable r^on. Hie nugority of die sequence of the variable i^on 
was isolated as a 424bp EcoRI/CIP/BanI fragment An oligonucleotide 

5 adapter was designated to replace die ranainder of the 3* region of the 
variable r^ion firom the BanI site up to and including a unique Sndm site 
whidi had been previously engineoed into the Sist two amino adds of die 
OQDStantr^on. The linker was ligated to the Ch gene fragments in ffindm 
cut pSB41 and pRB21 and the Banl-BamHI adapted constant r^on fiagmoits 

0 were purified from die ligation mixture. Ihe EcoSI-BanI variable r^ion 
fragmott was ligated to eadi of die constant r^ons and into the esqnes^ 
vector (EcoRI/BdI/CIP treated pEE6-hCMV-gpt) via a tiiiee way ligation. 
Oones were isolated after transformation into K aOi HBlOl and die linker 
and juncticm sequences were omfirmed by DNA sequeidng. Figure 8 shows 

5 die strata for die ccmstructicm of die dtimeric JgQ2 and IgG4 heavy diains 
and Figure 9 shows an oudine plasmid m^ of pAL8 QgGl) and pAL9 
agG4). 

9'23 leGl Heavy Chain Gchp rnnotm^ff^ 

Plasmid pElOOl is an expression vector based m pEE6.hCMV gpt 

0 It omtains die human IgGlc(mstant region goie. The Apal ate whidi occurs 
at die 5di and 6th coiton of die Chi domain is unique in tins vector, as is a 
Hindin site 3' to die hCMV promoter. Hie VH region of die anti-ICAM-1 
heavy diain goie along witii tiie sequence aicoding die first five residues of 
human CHI was isolated ftom pAL9 and inserted into pElOOl, jHeviously cut 

5 witiiHindniandApaI,togivepJA200. Hie CHI residues earned over from 

pAL9 are identical to diose for IgGl tiioefore no novel sequoice is goierated 
at tiieV-C junction. 
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10.1 GSSfeparate Vectors 

GS versions of pAL7, pAL8 and pAL9 (Figures 7, 8 and 9) were 
constructed by rcpladng the neo and gpt BamHl cassettes with a S.9Kbp 
5 cass^ containing the GS gene capable of being expressed from the S V40 late 
promote (See Figures 7, 10-12 for plasmid drawings)* 

U. Expression of Chimeric Genes 
11.1 Expression fai COS Cells 

Hie chimeric antibody plasmid pAL7 (cL)» with either pAL8 

10 (cHIgG2), pAL9 (cHIgG4), or pJA200 (CHIgGl) was co-transfected into COS 
cdls and supmiatant firom the transioit e:q>ression esqperiment was ^own to 
contain assranbled antibody whidi bound to the JY human B-cell line. 
Metabolic antibody which bound to the JY human B-cell line. Metabolic 
labdling &cp^im«ts using ^S methionine showed expression and assembly 

IS ofheavy and lightcfaains (Figure 13). All diimeric antibodies bound well to 
the JY cells. However^ tlie competidon assay showed that antibody derived 
torn the cL/cflIgG2 or die cL/cHIgG4 combination did not compete as well 
as the biotinylated mouse antibody for ICAM-1. The cL/cfllgGl antibody 
competed b^t^ dian the cL/cHIgG2 or cL/cHBIgG4 antibodies. 

20 11.2 Expression in Chinese ^ftn^^r Ovarv (CHO) Celk 

Stable cell lines were prepared as follows: Chimeric light chain 
expiessim vectors pAL7 and pALlO containing either the neo or GS maricers 
wm transfected into CHO-Kl cells by the CaP04 predpitation procedure. 
Aft^grawdi on sdecdve medium, positive cell lines were identified and thdr 

25 specific production rates measured u^g and EUSA format assay for 
d^ectiott of secreted light chain. The two cell lines secreting the highest 
levds of light diain (see table below) were selected and retransfiscted with 
ddier pAL8 or pAL9 to introduce the IgG2 and IgG4 chimeric heavy chain 
goes along with the gpt marker. 
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1 CELL LINE 


SELECTABLE 
MARKER 


SPEOnC PRODUCTION 
RATE (pgJcfSUday) 


1 ^ 


neo 


2.1 


46 


neo 


0.9 


25 


GS 


2.0 


27 


OS 


2.3 



AiDimd 24 lines shown to be secreting diimmc antibody by assembly assay 
EUSA were tak»i fiom each tiansfection. Specific production rates were 

measured and the 8 lines with the highest specific producticm rates are dwwn 
10 bdow. 





CELLIINE 


SPECfflC PRODUCTION 






RATE Opg./CeU/day) 




neo24G2-9 


6.9 




neo24G2-233 


9.0 


15 


neo 24 04-19 


3.0 




neo 24 04-22 


4.2 




neo 24 04-24 


7.5 




GS 25 02-12 


11.7 


1 GS 25 G4-5 


2.1 


20 


GS27G4-8 


2.3 1 



The diimeric IgQl heavy chain eqjressiwi vector pJA200 cmtaining 
Ae gpt maricff was tcansfected into Ae dumeric light chain expressing cell 
line neo24 by the CaP04 predpitatipn method. Spedfic production rates were 
measured, the 4 best lines are shown below. 
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1 CELLLINE 


sracaFic vRODucrsas i 




RATE (pg./ceU/day) i 


1 24.1.48 


3.75 1 


1 24.2.7 


1.2 1 


24.1.41 


1.3 1 


24.2.11 


1.75 1 



12. PiiriTiMtloii nf rhiniPr!^ Al1ti^^M!Y 

Antibody was purified fiom 2xlL harvests of aiponatant from rollei' 
cultures for cell lines GS 25 G2-12, neo 24 G4-24 and 24. L48, and also ftom 

10 2x0.5L harvests firom neo 24 G2-9 by aflBnity chromatogiai*y using Protein 
A Scpharose. Cell culture sup^natants were adjusted to pH8.8 witii 0.2M 
sodium glydnate and s^lied to aprotein A Sepharose column whidi had been 
pre-equilibrated with glydne/glydnate buffer at pH8. 8. After the samples had 
bem loaded the column was washed with equilU>ration buffer. The antibody 

15 was thm eluted by applying a solution with a decreasing pH gradient 
ccHisisting of 0.2M disodium hydrogra phosphate and O.IM citric acid. 
Antibody containing fractions were pooled and the pH adjusted to 6.5 the 
samples wm then dialyzed against phosphate buffered saline (PBS). Purity 
and correct assraibly of the antibody was tested by reducing and non-redudng 

20 SDS-polyacrylamide gd dectrophoresis (SDS-PAGE) (Fig. 14) and by high 
performance liquid diromatogr^hy (HPLQ gel filtration (Figure 15). 
Idratity was confirmed by N-t^minal amino add sequoidng and amino add 
composition analysis. 

13. AnaiTs^ of P>irifirf AiitPbwIy 

25 13«1 Results of Direct Binding a nd Competitive TOnHing Acony^ 
t AU diimmc antibodies bound well to the JY cells (Figures 16 and 17). 

However, in comp^tion assays cmly flie cL/cHIgGl antibody competed nearly 
as wdl as Ae mouse antibody against the biotinylated mouse antibody for 
binding to ICAM (Fig. 18). The cL/cfflg(34 antibody showed about 30% of 
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die inhibitory activity of ttie mouse antibody (Fig. 19) and the cL/cHIgG2 
antibody showed about 10% of the inhibitory activity of the mouse antibody 
(Rg. 20). 

These data diimenc anti-ICAM-1 antibodies dedved fiom R6-S- 
5 D6 have differmtantigm binding activities dq)rading cm isotype. ThelgGl 
antibody is nearfy as avid as the mouse paioit antibody. The Ig64 antibody 
as 30% of the comp^ve binding activity of the mcnise antibody, the IgG2 
has 10% relative activity. Ibis result is unexpected as all diese antibodies 
have identical binding sites. We attribute these differences to avidity 
alt^ations in^osed on the antibodies by die differing hinge flexibility of the 
isotypes. Affinity measuremmts of tiie chimeric IgG4 Fab have shown that 
this has the same affinity as the mouse Fab thus confirming that it is the 
avidity diat has altered in construction of the chimeric IgG4. 

13^ Results of Mixed Lvmphn cvte Reaction Assays 

The MRL which is an in vitro model of transplantaticm was inhibited 
by die chimmc XgG4 and IgGl to comparable extent as the mouse r6-5-6D 
antibody. This shows that the chimeric MAb will inhibit specific 
immunolpgical ev»ts and can tiius be used in in vivp autoimmune and 
transplantation sitings (see Fig. 21). 

13*3 Results of ModTied Schwartanann Reagtfnn Assays 

The primate Scfawartzmann reaction was set up to test granulocyte 
functicm mvjjyp in die presrace of an anti-IC AM- 1 MAb . The diimeric IgG 1 
was slighfly more active than tite mouse MAb which in turn was slightty more 
active in inhibiting activated neutrophil mediated vascular leakage ttian the 
diimeric IgG4 in ttie primate model. This demonstrates that the chimrac anti- 
ICAM-l*s will be effective in mitigating neutrophil mediated damage 
assodated with rq)«fusion injury a&d oflier acute inflammatory disorders (see 
Fig. 22). 
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25 
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1. A chimeric antibody molecule comjmsing heavy and/or light 
chain variable legicms of an anti-ICAM-1 antibody. 

2. The diimeric antibody molerale of claim 1 which is a 
5 humanized diimeric antibody. 

3. The diimedc antibody molecule of claims 1 or 2 having 
attached to it an eEfector or reporter molecule. 

4. The cfaimmc antibody molecule of claims 1-3 comprising at 
least one diimeric heavy chain and at least one chimeric light diain. 

10 S. The chim^c antibody of daims 2-4 comprising IgG human 

constant regicm domains. 

6. Hie diim^ antibody of claim 5 compiising IgG2 or IgG4 
human constant regicm domains. 

7. The diimeric antibody of daim 5 comprising IgGl human 
15 ccmstant regicm domains. 

8. The diimeric antibody of claims 1-7 wherein said diimeric 
antibody has binding spedfldty for the same or similar q>itop6(s) as the R6-5- 
D6 antibody. 

9. The chimeric antibody of claims 1-8 wheidn said chimeric 
20 antibody is derived firom die R6-5rD6 antibody. 
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10. A DNA sequence encoding ttie heavy or light chain variable 
i^on of an anli-ICAM-1 antibody. 

11. A DNA mcdecule encoding a diimaic heavy or light diain 
comprising the variable n^n of an anti-ICAM-1 antibo(ty. 

12. The DNA of claim 11 whidi codes for a humanized chimeric 
heavy or light diain. 

13. The DNA of daim 12 coding for a humanized diimeric heavy 
diain comprising human IgG constant region domains. 

14. The DNA of claim 13 comprising a human IgG2, prefmbly 
^4 or espedally IgGl constant i^gion domains. 

15. A vector comprising DNA according to any of claims 10-14. 

16. An e^mssion vector comprising in operative combination DNA 
codmg for a chimeric anti-ICAM-1 light chain and a chimeric anti-ICAM-1 
heavy chain. 

17. A host cell transformed with a vector according to claims 15 

or 16. 

18. A process for the production of an anti-ICAM-1 humanized 
dumeric antibody comprising: 

(1) producing an expression vector comprising an cperon 
having a DNA sequmce whidi encodes an antibody heavy or light cham 
whadn at least one of the CDRs of the variable domain are derived from a 
non-human (rodent) anti-ICAM-1 antibody and the remaining immunpglobulin- 
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dedved parts of die antibody chain aie derived fitom a human 
immunoglobulin; 

(2) pnxhidng an es^iession vector conqxiising an operon 
having a DNA sequmce which racodes a complementary antibody light or 

5 heavy diain wh^idn at least me of die CDRs of the variable domain are 
dCTved from a rodmt (nm-human) anti-ICAM-1 antibody and the rmiaining 
immunogiobulin-d^ed parts of die antibody diain are derived firom a human 
immunoglobulin; 

(3) tiansfecting a host cell with each vector; and 

10 (4) culturingthetransfectedceUlinetopnxlucethediimeric 

antibody. 

19. A m^od of treatment comprising administ^g an effective 
amountof an antibody product according to any one of dainis l-9toahuman 
or animal subject 

15 20. A method for treating inflammation resulting from a response 

of the specific drfmse system in a mammalian subject whidi comprises 
providing to a subject in need of such treatmrat an amount of an anti- 
inflammatory agent suf&dmt to suppress said inflammaticm, wherein said anti-^ 
i nflamm at o ry ag«t is a chimeric antibody capable of binding ICAM-L 

20 21. The method of claim 20, wherein said chimeric antibody is one 

or more of the antibodies of claims 1-9. 

22. The method of daim 20, wherein ^ inflammation is a delayed 
type hypersensitivity reaction. 

23. Hie method of d^m 20, whoein said inflammation is a 
25 syn^m of psoriasis. 
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24. Tbe mediod of daim 20, wherain said inflammat ion is a 
symptom of an autoimmune disease. 

25. Hie m^od of daim 24, whemn said autoimmune disease is 
selected fiom Ae group ccmsisdng of Reynaud's syndrome, autoimmune 

5 thyidditis, EAE, multiple sclenosis, liieumatxrid arthritis and lupus 
erydiematosus. 

26. The m^od of daim 20, whndn said inflammation is in 
response to organ transplant rgection. 

27. The mediod of daim 26, wfaerdn said org^n transplant is a 
10 kidney transplant 

28. The method of claim 20, whwein said inflammation is in 
response to tissue graft rejection. 

29. The mediod of claims 20 which additicraally comprises the 
administration of an agent sdected from the group consisting of: an antibody 

15 c^teof binding to IPA-l; a functional deriro 

functional derivative being c^le of binding to LFA-l; and a non- 
immunoglobulin antagonist of LFA-L 

30. A method for treating inflammation resulting from a response 
of the non-specific defense system in a mammalian subject which comprises 

20 providing to a subject in need of such treatment an amount of an anti- 
inflammatory agent suflBdent to suppress said inflammation, wherein said anti- 
inflammatory agent is a chimeric antibody capable of binding ICAM-1. 

31. The m^hod of daim 30 whadn said inflammation is assodated 
witfi a condition selected from die groq) consisting of: adult respiratory 
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distress syndrome; inultq>Ie oigan injury syndrome seccmdaiy to sq>tic»nia; 
mult^le organ injury syndrome secondary to trauma; leperfiisicm injury of 
tissue; acute glomerukmephhtis; reactive arthritis; dermatosis with acute 
inflammatory ccHnponents; a oratral nervous system inflamnoatory disorder 
5 e.g. stroke; diermal injury; hemodialysis; laikqAaesis; ulcsative colitis; 
Crohn's disease; neootizing rat^ooolitis; granulocyte transfusion associated 
syndrome; and cytoldne^induced toxid^. 

32. The m^faod of claims 30 or 31 wherein said chim^u: antibody 
is one or more of the antibodies of claims 1-9. 

10 33. A m^hod of suppressing die metastasis of a hraiatqpoietic 

tumor cell^ said cell requiring a functional member of the LFA-1 family for 
migration, whidi method comprises providing to a patient in need of such 
treatment an amount of an anti-inflammatory agent suffidrat to suppress said 
m^astasiSy wherein said anti-inflammatory agrat is a chimeric antibody 

15 Citable of binding ICAM-1. 

34. The metiiod of claim 33, wh^iein said diimenc antibody 
cqiable of binding to ICAM-1 is sdected fiom die gmxp of antibodies of 
daims 1-9. 

35. A metiiod of suppressing tiie growth of an ICAM-l-esqxressing 
20 tumor cdl which comprises providing to a patient in need of such treatment 

an amount of a toxin mx&dimt to suppress said growtii, said toxin ccmasts of 
a toxin-dCTvatized chimeric antibody cs^le of bindmg to ICAM-1. 

36. A m^hod for treating viral infection in an individual in need 
of sudi treatment, wherein said method comprises providing to said individual 
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an amount of a cfaimedc antibody cs^le of binding ICAM-1 su£Sd»it to 
suppress viral infection. 

> 

37. Tte meAod of daim 36, wherdn said virus is a riunovinis of ^ 
the major sootype within the genus Kcomaviridae, a gpwp A coxsackievirus, 

S or a Mago virus. 

38. The m^od of daim 37 wherein said virus is a rhinovirus of 
the major serotype. 

39. The mmhod of any of daims 36-38 whwdn said chimeric 
antibody is at least one of the antibodies of daims 1-9. 

0 40. A m^od for suppressing the infection of leukocytes with HIV» 

wWdi comprises admintfrfering to a patient exposed to or infected by HIV, an 
^fective amount of an HIV-1 infection suppression ag«t, said agent being a 
chimoic antibody cs^le of binding to ICAM-1. 

41. The method of daim 40 whwan said HIV is HIV-1. 

5 42. The metiiod of any one of daims 40 or 41, wherein said 

dumeric antibody is at least <me of tiie antibodies of daims 1-9. 

43. A method for suppressmg die extravascular migration of a 
viraUy infiected leukocyte in a patient having such a leukocyte, which 
comprises administering to said patirat an effective amount of an anti- 

0 migration ageit, saidagmtbdngadummcantibody c^le of impairing fte 
ability of said leufcoqrte to bind to ICAM-1. 

44. Themediod of daim 43, wherein said virally infected ccJls are 
inflected with HTV. 
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45. The method of daims 43 or 44, wheidn said diimedc antibody 
is at least cme of the antibodies of claims 1-9. 

46. A m^od for treating asthma in an individual in need of sudi 
treatmmty wherdn said method comimses providing to said individual an 

5 amount of a diimeric antibody capable of binding ICAM*1 sufficient to 
suppress asthma. 

47. The method of daim 46 wherdn said diimmc antibody is at 
least <me of the antibodies of claims 1-9. 

48. The method of any one of claims 19-47 wherdn said humanized 
10 dum^ic antibody is administmd by entml means, i>arent^al means, topical 

means, inhalation means or intranasal means. 

49. Hie method of daim 48 wherein said humanized chimeric 
antibody is administ^ed pn^ylactically. 

50. The metiiod of daim 48 wherein said humanized chimeric 
IS antibody is administered therapeutically. 

51. The m^od of daims 48, 49 or SO wherein said paimteral 
means is intramuscular, intravaious or subcutaneous. 

52. A i^armacratical ccmiposition cominising the anti-inflammatory 
agent of any one of daims 1-9 in combination with a phannaceutically 

20 acceptable carrier. 

53. The pharmaceutical .composition of daim 52 in combination 
with at lea^ one oth^ immunosuppressive agmt 
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54* A method of diagno^g an ICAM-l-eaqxressing tumor cell in 
a mammalian subject which compiises: 

(a) administmng to said subject a oonqmsition containing 
a d^ectably labeled chimoic antibody capable of binding to ICAM-1, and 
5 (b) detecting said diimenc antibody bound to said ICAM-L 

55. A m^od of diagnosing inflammation in a mammalian subject 
whidi compiises: 

(a) incubating a sample of tissue of said subject with a 
ccmiposition containing a d^ectably labeled diimmc antibody capable of 

10 binding to a cell whidi oqxresses ICAM-1, and 

(b) detecting said chimedc antibody bound to said cell. 
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